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GEOLOGY  OF  THE  PEGMATITES  AND  ASSOCIATED 

ROCKS  OF  MAINE. 


By  Edson  S.  Bastin. 


INTRODUCTION. 

The  field  studies  which  form  the  basis  of  this  report  were  made  by 
the  writer  during  July  and  August,  1906,  under  the  general  supervision 
of  George  Otis  Smith,  of  the  United  States  Geological  Survey.  The 
writer  wishes  to  acknowledge  the  valuable  advice  and  kindly  assistance 
of  the  late  Prof.  JjesUe  A.  Lee,  state  geologist  of  Maine,  at  the  time  the 
field  work  for  this  report  was  done,  and  the  cordial  cooperation  of 
many  persons  interested  in  the  deposits  concerned,  without  whose 
aid  these  studies  would  not  have  been  possible. 

The  expenses  of  the  work  were  shared  equally  by  the  Survey  Com- 
mission of  the  State  of  Maine  and  the  United  States  Geological 
Survey. 

On  accoimt  of  the  brief  time  at  the  writer's  disposal  in  the  field, 
it  was  impossible  to  attempt  anything  like  a  prospecting  of  the  whole 
State  for  the  minerals  here  considered.  Visits  were  made,  however, 
to  nearly  all  of  the  localities  wliich  had  been  or  are  at  the  present  time 
operated  commercially,  and  numerous  observations  were  made  on 
the  geology  of  the  intervening  territory. 

With  the  exception  of  a  few  of  the  gem  deposits,  most  of  the  minerals 
here  described  have  been  exploited  commercially  only  within  the  past 
fifty  years.  They  belong  neither  to  that  class  of  natural  resources, 
such  as  coal  and  limestone,  which  are  useful  to  a  pioneer  civilization, 
nor  (with  the  exception  of  the  gems)  to  the  class  of  highly  precious 
materials  which  attract  the  explorer  or  the  adventurer.  Their  utili- 
zation was  possible  only  after  a  very  considerable  development  in  the 
arts  and  industries  of  New  England  had  taken  place. 
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» 

DEFINiytbiT  OF  PEGMATITE. 


•  • 


The  granite-pegi9«£itfe;  in  which  are  found  feldspar,  quartz,  mica, 
and  gem  minerp.I^';.ar^  composed  of  the  same  mineral  constituents  as 
the  ordinary  gr&|ittes  of  the  State,  and  differ  from  these  principally 
in  their -greater  coarseness  and  in  their  very  uneven  texture. 

AfllQA^-  tKemselves  the  granite-pegmatites  differ  greatly  in  coarse- 
I;t^sSy-86me  being  little  coarser  than  ordinary  coarse-grained  granite 
.  /;.  tod  others  showing  single  masses  of  feldspar  or  of  quartz  20  feet  in 
.;  *  'diameter.  Their  distinguishing  feature  is,  therefore,  not  coarseness 
of  grain  but  extreme  irregularity  of  grain.  In  a  granite  different 
grains  of  the  same  mineral  species  differ  in  size,  but  usually  only 
within  rather  narrow  limits.  In  a  pegmatite,  on  the  other  hand, 
they  appear  to  differ  without  limit,  a  crystal  of  feldspar  an  inch 
across  perhaps  having  a  neighbor  which  is  several  feet  across.  This 
textural  feature  is  illustrated  on  a  microscopic  scale  in  Plate  II,  which 
is  a  reproduction  of  a  photomicrograph  of  fine-grained  aplitic  pegma- 
tite exposed  in  the  river  bed  at  Lewiston. 

Pegmatite  usually  forms  dikes  or  sill-like  masses  in  areas  occupied 
principally  by  rocks  of  other  kinds.     (See  p.  11.) 

GEOGRAPHIC  DISTRIBUTION. 

Pegmatites  occur  throughout  the  Appalachian  Mountain  region 
from  Alabama  to  New  York  and  thence  northeastward  into  Connecti- 
cut, Massachusetts,  New  Hampshire,  and  Maine.  In  most  of  these 
States  they  have  been  worked  commercially  to  a  greater  or  less 
extent.  In  Maine  the  commercial  deposits  are  confijied  largely  to 
Cumberland,  Sagadahoc,  Lincoln,  Androscoggin,  and  Oxford  counties, 
though  pegmatites  also  occur  to  some  extent  in  Franklin,  Kennebec, 
Waldo,  Knox,  Hancock,  and  Washington  counties.  Their  general 
distribution,  as  well  as  that  of  the  granites,  is  shown  on  Plate  I,  on 
which  are  also  indicated  the  localities  which  have  been  worked 
commercially  for  various  pegmatite  minerals. 

Excellent  opportunities  for  studying  the  character  and  relationships 
of  the  pegmatites  are  afforded  by  many  of  the  quarry  openings,  by 
numerous  glaciated  rock  surfaces,  and  by  almost  continuous  exposures 
along  the  seashore.  The  shore  in  the  Boothbay  region  especially  is 
an  excellent  field  for  study. 

GEOLOGY. 

BORDERING  ROCKS. 

The  geologic  relations  of  the  Maine  pegmatites  show  that  most 
of  them  are  distinctly  intrusive  into  tlie  surrounding  rocks,  although 
the  conditions  of  intrusion  are  somewhat  varied;  and  that  in  origin 
they  are  closely  connected  with   the  granites  (p.  27).     The  rocks 
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into  which  they  are  intruded  are  in  some  places  granites,  but  are 
generally  foliates,"  eifclier  schist  or  gneiss.  The  foliates  are  in  many 
places  dynamically  metamorphosed  sediments,  but  in  others  are 
unquestionably  primary. 

PEGMATITES    IN    FOLIATED   ROCKS. 

Gentral  statement. — Though  showing  minor  irregularities  of  form, 
most  of  the  pegmatite  masses  in  Uie  foliated  rocks  are  of  slieetlike 
charncter  and  lie  parallel  or  nearly  parnllc)  to  tlic  scliist  or  gneiss 
foha.  If  the  foliates  are  steeply  inclined  tlie  pegmatite  exhibits  a 
dikelike  form  (PI.  Ill,  A):  if  tJiey  are  flat-lying  the  pegmatite  mass 
assumes  a  sill-iiko  f.irm  (PI.  Ill,  B). 

.\notlier  feature  Jiiglily  characteristic  of  pegmatite  masses  in 
foliates  is  tJieir  tendency  to  swell  and  tliin  along  their  trend  so  as  to 
form  virtually  a  scries  of  connected  lenfides.     (See  fig.  ].) 

The  contact  l>efween  pegmatite  and  foliate  is  in  nearly  all  areas 
verj-  sharp,  wlietJicr  the  pegmatite  lies  parallel  to  or  cuts  across 
the  folia  and  whetlier  its 
mass  is  large  or  small. 
In  many  places  (see  PI. 
IV,  .-1,  B)  the  pegmatitic 
intrusion  is  so  intimate 
that  the  bordering  schist 
becomes  an  injection 
gneiss.       Such     gneisses 

are  very  clmracteristie  features  of  many  districts  in  southern  Maine, 
particularly  in  Oxford  County. 

Stdmeiitnnj  fnUnUn. — TJie  sedimentary  orifrin  of  ninny  of  the  foli- 
ates as.suciateil  with  the  pegmatites  is  shown  licyund  <|uestiori  iit  a 
numlxT  of  locahties  hv  the  pivscrvation  of  distinct  beddinjj  in  the 
more  (luartzosc  layers.  Notable  examples  urc  tiie  schists  exposed 
at  the  Graphite  mine  at  Crocker  Hill  (near  Piiris)  and  at  many 
places  in  Auhum  village  and  studied  j>articularly  at  the  new  reser- 
voir site,  where  the  layers  in  whidi  l>cdding  is  preserved  are  shown 
on  micro-scopic  stuiiy  to  be  micaceous  <[uarlzite. 

Since  the  pegmatite  frequently  cuts  across  tlic  folia  of  the  scdi- 
mentarj'  schists  and  docs  not  notably  change  flie  latter  aloiifr  the 
contacts,  it  is  plain  that  the  foliation  of  the  schists  is  not  a  con- 
tact effect  of  the  i>egmati(e  intrusion.  It  is  to  he  attributed  niaiidy 
to  regional  metamorphism  previous  to  the  pegmatite  intru.sions. 
Since  tliese  foliates  bear  no  traces  of  fossib,  their  age  is  indetermi- 
nate, but  certain  of  them  may  he  correlated  with  the  Pemihscot  for- 

•  The  tenn  "Wtatei"  was  proposed  by  the  wrtWt  (Jour.  nwloEy.  vol,  IT,  p.  449)  asaraiH-enionlcomprc- 
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mation  of  the  Penobscot  Bay  region.^  As  the  last  great  dynamic 
metamorphism  which  affected  southern  and  central  Maine  took  place 
probably  near  the  close  of  Ordovician  time,  these  dynamically  meta- 
morphosed sediments  are  probably  not  younger  tlian  Ordovician. 

Igneous  foliates. — Others  of  the  foliated  rocks  with  which  the  peg- 
matites are  associated  are  probably  primary  or  flow  foliates;  thai  is, 
igneous  rocks  that  owe  their  foliated  structure  to  differential  move- 
ment within  their  mass  before  complete  solidification.  To  this  class 
probably  belong  many  of  the  foliates  in  the  Boothbay  Harbor  region 
and  about  Brunswick  and  Topsham.  Many  of  them  are  very  similar 
in  their  general  appearance  to  foliates  of  sedimentary  origin  but 
upon  microscopic  study  are  found  to  be  indistinguishable  in  mineral 
composition  from  igneous  rocks.  One  of  the  most  mstructive  expo- 
sures of  a  foUate  of  this  type  occurs  on  the  east  shore  of  St.  George 
River,  near  the  extreme  southern  edge  of  the  Rockland  quadrangle, 
where  porphyritic  granite  of  normal  composition,  with  feldspar 
phenocrysts  from  one-half  to  tliree-fourtlis  of  an  inch  in  length,  con- 
tains a  number  of  elongated  parallel  lenses  of  much  finer  grained  rock 
of  dioritic  composition.  (See  PL  Y,  A.)  Tlie  lar^^ost  of  these  lenses 
is  about  6  feet  long  and   1  foot  wide.     Tlie  inclosing  granite  shows  I 

a  decided  grain  parallel  to  the  direction  of  elongation  of  the  lenses, 
and  in  other  similar  occurrences  in  this  region  tlie  fc^ldspar  pheno- 
crysts of  the  bordering  granite  show  a  tendency  toward  orientation  | 
with  their  long  axes  parallel  to  tlie  axes  of  the  basic  lenses.     Within 
a  few  rods  of  this  exposure  occurs  anotlier  wliich  presents  tlie  appear- 
ance shown  in  Plate  V,  7?,  the  light-colored  bands  having  about  the  ' 
texture  and  composition  of  normal  granite*  and  tlie  darker  bands 
being  quartz  diorite  similar  to  tlie  lenses  at  tlie  exposure  shown  in  1 
Plate  V,  ^.  I 

Under  the  microscope  tlie  dioritic  and  granitic  bands  are  both 
seen  to  be  feldspathic  and  of  interlocking  granular  t(^xture  without 
any  cataclastic  structures.  The  basic  bands,  however,  besides  being 
finer  grained  than  the  others,  contain  a  much  larger  percentage  of 
green  hornblende  and  a  smaller  percentage  of  quartz.     Both  phases  I 

contain  abundant  titanite  in  grains,  many  of  which  show  well-defined 
crystal  form.  The  feldspar  in  both  lias  the  composition  of  oligochuse- 
andesine. 

It  seems  evident  that  the  gneiss  of  Plate  V,  />,  represents  merely 
the  next  step  of  the  process  of  combined  flowage  and  niagmatic 
differentiation  which  developed  tlie  relations  sliowii  in  Plate  V,  Ay 
and  that  the  two  represent  two  stages  in  tlie  nuUvi ng  of  a  flow  gneiss. 
At  the  time  when  the  whole  mass  was  in  a  molten  condition  the 
basic  portions  were  presumably  more  lluid  than  the  acidic  portions, 
and  the  process  is  probably  to  be  regarded  us  an  intimate  intrusion  of 

o  Penobscot  Buy  folio  (No.  lU)}.  (iool.  Ailub  W  S.,  V .  S.  e.fol.  Sur\««y.  l't<»7. 
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the  more  viscous  by  the  less  viscous  portions  of  the  same  magma 
when  both  were  under  lateral  compression. 

At  an  old  road-metal  quany  in  the  city  of  Brunswick  schists  of 
probable  igneous  origin  are  also  well  exposed  in  association  with 
]>egmatite.  The  schists  show  very  even  and  regular  foUation  and  an 
alternation  of  broad  Ught-gray  layers  with  narrower  ones  wliich  are 
dark  gray  to  nearly  black.  The  lighter  bands  are  seen  under  the 
nucroscope  to  be  a  hornblende  granite  of  interlocking  granular 
texture  and  without  cataclastic  structures.  The  foliated  structure 
is  due  to  a  gi*eater  abundance  of  hornblende  along  certain  planes 
than  along  othei^s  and  to  subparallel  elongation  of  the  hornblende 
grains.  The  dark-gray  phases  of  the  schist  have  the  mineral  com- 
position of  quartz  diorite,  the  feldspar  being  largely  andesine.  A 
few  bands  up  to  one-eighth  inch  or  so  across  are  a  more  coarsely 
ctystalhne  association  of  quartz  with  a  httle  feldspar.  These  schists 
carry  none  of  the  minerals,  such  as  staurolite  and  andalusite,  fre- 
quently observed  in  metamorphosed  sediments,  and  though  their 
derivation  by  metamoq)liism  from  arkoses  or  graywackes  is  con- 
ceivable it  is  not  probable.  The  pegmatite  associated  with  these 
schists  locally  cuts  across  their  foUation,  but  in  other  places  grades 
into  them  so  completely  as  to  suggest  that  the  schist  was  not  com- 
pletely solidified  at  the  time  the  pegmatite  was  intruded. 

Here  and  at  a  number  of  other  localities  a  shght  foliation  parallel 
to  the  schist  folia  is  visible  in  some  of  the  pegmatites;  it  suggests  a 
slight  flowing  movement  in  the  schist  subsequent  to  the  intrusion  of 
the  pegmatite.  The  thickening  of  tlie  schist  folia  opposite  the  node^s 
of  j)ef^atite  dikes  and  their  thinning  ()])posite  tlie  bulges  (see  fig.  1) 
is  also  indicative  of  flowing  movements  in  the  schists  at  the  time  the 
pegmatite  was  intruded.  Many  of  the  pegmatite  bodies  a^ssociated 
with  the  primary  flow  foliates  are  ])robably  to  be  regarded  as  intru- 
sions under  high  pressure  of  a  less  viscous  into  a  more  viscous  magma. 

PEGMATrrES    IX    MASSIVE    GRANITES. 

The  relationships  exhibited  at  a  number  of  localities  between  the 
pegmatites  and  the  granites  throw  much  light  on  tlie  origin  of  the 
former.  Of  broad  significance  is  the  fact  that  granite  is  present  in 
all  of  the  districts  in  which  pegmatite  occurs.  The  reverse  relation 
also  holds,  though  to  a  lesser  degree.  The  similarity  in  mineral 
composition  between  the  granites  and  the  pegmatites  will  bo  con- 
sidered later. 

The  detailed  relationships  existing  between  the  two  rocks  are 
various.  At  the  Wooddde  quarry  in  the  town  of  Brunswick,  2^ 
miles  southeast  of  Hillside  station,  a  rather  fine-grained  muscovite- 
biotite  granite  has  been  quarried  for  flagging  and  underpinning.  In 
it  the  pegmatite  often  forms  lens-sha{)ed  or  wholly  irregular  bodies, 
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the  two  rocks  being  characterized  by  the  same  minerals  and  f;rading 
into  each  other  in  the  most  gradual  and  complete  manner.  In  such 
cases  there  can  be  no  question  that  the  two  rocks  crystallized  from 
the  same  magma  and  that  the  pegmatitic  ma.sscs  are  to  be  regarded 
as  segregations  within  the  granite.  In  other  places,  however,  even 
at  this  same  quarrj-,  i>egmatite,  which  in  general  a{>pearance  and 
mineral  composition  is  indistinguishable  from  that  described  above, 
forms  shaqj-walled  dikes  in  the  granite. 

An  exposure  on  the  shore  of  the  first  point  west  of  Boothbay 
Harbor  shows  a  dike  of  fine-grained  granite   1^  feet  wide  cutting 
schist  and  pegmatite.     A  few  feet  farther  north  tlie  same  granite 
dike  is  itself  cut  by  pegmatite  that  is  wholly  similar  in  appearance 
to  the  pegmatite  which  the  granite  intrudes.     These  relations  show 
that    the   pegmatites    are   not   precisely   contemporaneous.     Since, 
however,  there  is  no  evi- 
dence here  or  elsewhere 
in  Maine  of  very  wide 
diveigence  in  the  age  of 
!,        dilTerent  pegmatites  or 
';       different   granites    (see 
,'/     p.  1 5) ,  the  exposure  also 
''      shows    the  broad   con- 
'         temporaneity  of  granite 
and  pegmatite. 

On  the  islund  of  South- 
port,  on  tliu  shore  near 
the  south    entrance  of 
-' 'J ;-;."' rM-,--,','.,^/",-;-'  Towusend  Gut,  the 

schist,  granite,  and  peg- 

' ' ' ' -■ '  malite  are  associated  in 

the  manner  shown  in 
figure  2.  Both  are  distinct!}'  intrusive,  the  scliist  contacts  being 
everywhere  sharp  and  in  many  places  very  rafig^'d.  Tlip  main  mass 
of  the  intrusion  is  granite  of  normal  texture,  but  the  narrower  branches 
sent  off  by  the  granite  parallel  to  the  foliation  of  the  .schi.-itu  become 
typical  pegmatite  a  short  distance  fnim  the  granite  mu.ss.  The 
gradation  between  the  two  nicks  is  gradual  ami  complete. 

Under  the  microscope  the  granite  wlunvs  an  interlocking  gitinular 
texture  and  c^msists  principally  of  quart/,  and  microciine,  with  minor 
amounts  of  orthoclase,  of  biutite  altering  to  chlorile,  and  of  m«s- 
covite,  in  part  primary  and  in  part  a  jtnxhict  of  feldspar  idleration. 
Micrographic  granite  is  present  in  smuii  amounts,  as  are  scattered 
small  grains  of  oligocla.se.  The  minerals  <)f  the  pcgnintile  are  iden- 
tical with  those  of  the  granite  but  occur  in  mucli  linger  crystals, 
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with  much  greater  range  in  size  among  individuals  of  the  same  mineral 
species.  OHgoclase  and  micrographic  intergrowths  of  quartz  and 
feldspar  are  also  more  abundant  in  the  pegmatite  than  in  the  granite. 

For  detailed  descriptions  of  other  instances  of  gradations  or  close 
relationship  between  granite  and  pegmatite  the  reader  is  referred 
to  locality  descriptions  of  the  Rumford  Falls  region  (p.  94),  Stow 
(p.  102),  Edgecomb  (p.  64),  Boothbay  Harbor  (p.  67),  and  the  South 
Waterford  mica  mine  (p.  103). 

The  granites  and  associated  pegmatites  are  the  youngest  known 
rocks  occurring  in  notable  abundance  within  the  State.  Here  and 
there,  however,  they  are  cut  by  younger  small  dikes  of  diabase, 
usually  aphanitic  and  sharp  walled.  Usually  these  occur  only  as 
individuals,  but  on  the  shore  of  Keewaydin  Lake  (Lower  Stone 
Pond),  near  the  village  of  East  Stoneham,  schist  and  associated 
pegmatite  are  intruded  by  a  remarkable  network  of  fine-grained 
diabase.     (See  PI.  XVI,  A,) 

AGE. 

The  field  studies  in  Maine  have  afforded  no  evidence  of  great 
diversity  m  age  among  the  pegmatite  deposits.  Although  all  of 
them  are  not  strictly  contemporaneous,  it  seems  probable  that  all 
were  formed  within  the  limits  of  a  single  period  of  geologic  time. 
As  it  has  been  shown  (p.  27)  that  the  pegmatites  are  broadly  con- 
temporaneous with  the  granites  with  which  they  are  invariably 
associated,  the  age  of  the  pegmatites  may  be  inferred  from  that  of 
the  granites. 

The  evidence  thus  far  available  indicates  that  all  of  the  granites 
of  the  State  are  of  approximately  the  same  geologic  age.  In  the 
Penobscot  Bay  region  granite  is  intrusive  in  rocks  of  Silurian  (Niag- 
aran)  age.<*  In  the  Perry  Basin,*  in  the  extreme  eastern  part  of  the 
State,  granite  pebbles  are  absent  from  the  late  Silurian  sediments 
but  are  present  in  the  conglomerate  of  the  Perry  formation,  which 
is  probably  of  Upper  Devonian  age.  The  granites  were  therefore 
intruded  in  late  Silurian  or  in  Devonian  time,  and  the  pegmatites  are 
also  probably  of  that  age. 

OENTEBAL  CHABACTER. 
MINERAL   AND   CHEMICAL   COMPOSITION. 

Mineral  constituents, — The  pegmatite  deposits  in  all  parts  of  the 
State  show  great  similarity''  in  their  principal  minerals,  although 
exhibitmg  notable  differences  in  their  minor  constituents.  Essen- 
tially they  are  coarse  granites,  their  principal  light-colored  con- 
stituents being  potash  and  soda  feldspars,  quartz,  and  muscovite, 

«  Penobswt  Bay  folio  (No.  149).  Geol.  Atlas  U.  S.,  V.  S.  Gool.  Survey,  1907. 

b  Smith,  O.  O.,  and  White,  David,  Geology  of  the  Perry  Basin:  Prof.  Paper  U.  S.  Geol.  Survey  No.  35, 
1905. 
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and  their  principal  dark-colored  constituents  black  mica  (biotite) 
and  black  tourmaline.  In  pegmatites  in  which  black  mica  is  abun- 
dant black  tourmaline  is  almost  always  rare  or  absent,  and  vice  versa. 
Accessory  constituents  present  in  almost  all  pegmatites  are  garnet, 
magnetite,  and  green  opaque  beryl.  Accessory  minerak  present 
only  in  certain  pegmatites  number  over  fifty  species,  the  most 
important  probably  being  lepidolite  or  lithium  mica;  amblygonite; 
spodumene;  blue,  green,  and  pink  tourmaline;  transparent  green, 
pale-blue,  or  golden  beryl;  colorless  to  amber-colored  topaz;  and 
rose  and  amethystine  quartz. 

The  following  minerals  have  been  reported  from  the  pegmatite 
deposits  of  Maine : 

Albite. — Common  in  many  of  the  pegmatite  deposits;  in  some  places  massive,  but 
usually  occurring  as  the  white  lamellar  variety  clevelandite.  'Especially  abundant  in 
gem-bearing  pegmatites. 

Allanite. — Reported  from  pegmatite  at  Mount  Apatite,  in  Auburn. 

AmblygoniU. — An  original  constituent  of  many  of  the  pegmatite  dep>o8its,  espe- 
cially those  bearing  gem  minerals. 

Apatite. — Occurs  as  an  original  pegmatite  constituent  wholly  inclosed  by  other 
minerals  in  many  pegmatite  deposits.  The  fine  purple  apatites  of  Mount  Apatite, 
in  Auburn,  occur  on  the  walls  of  pocketa  and  were  probably  deposited  by  aqueous  or 
pneumatolytic  agencies  diu-ing  the  latest  stages  of  the  pegmatite  crystallization. 

Arsenopyrite. — Reported  from  pegmatite  at  Mount  Rubellite,  in  Hebron. 

Autunite. — Occurs  at  the  Dun  ton  tourmaline  mine  in  Newry,  Oxford  County,  in 
crystals  seldom  over  ^  inch  across,  embedded  in  or  lying  between  plates  of  cleve- 
landite.    Mostly  decomposed.     Found  also  at  Ilarndon  Hill,  in  Stoneham. 

Bertrandite. — Occurs  with  herderite  and  hamlinite  in  cavities  in  pegmatite  at 
Stoneham. 

Beryl. — Translucent  to  opaque  varieties,  wholly  inclosed  by  other  constituents, 
occur  in  nearly  all  the  coarser  pegmatite  bodies.  A  few  crystals  reach  gigantic  pro- 
portions. In  a  few  coarse  pegmatites  transjiarent  pale-green  gem  varieties  (aqua- 
marine) occur  completely  embedded  or  projecting  from  the  walls  of  cavities. 

Beryllonite. — Not  found  in  place,  but  occurrinfr  in  the  soil  in  Stoneham.  It  is 
attached  to  typical  pegmatite  minerals  and  is  plainly  an  original  pegmatite  constit- 
uent. 

Biotite. — One  of  the  abundant  constituents  of  most  of  the  pei^niatites. 

Calcite. — Not  observed  as  an  original  pegmatite  constituent,  but  occurs  occasionally 
as  a  secondary  deposit  in  fis.sures  and  cavities. 

Cassitcritc. — An  original  constituent  in  poi^Miiatite  at  Paris,  Ilebrcni,  Stoneham,  and 
Auburn. 

Childrcnite. — Reported  as  an  original  constituent  of  pegmatite  at  Mount  Rubellite, 
in  Hebron,  occurring  in  minute  hair-hrown  prisma!  ic  crystals  with  amblygonite. 

Chrysoberyl. — An  original  pegmatite  con.-^tiluent  at  a  lar^^e  number  of  localities, 
though  nowhere  abundant. 

Clevelandite. — See  Albite. 

Columbite. — An  original  constituent  of  certain  pegmatites.  Present  only  in  small 
amounts. 

Cookeitc. — Abundant  as  a  coating  in  most  of  the  pockets  in  the  coarser  poiiniatites. 
Not  an  original  constituent  but  secondary  and  due  to  water  deposition. 

Damourite. — Occurs  at  Mount  Rubellite,  in  Hebron,  as  an  alteration  pr«>ductof  tour- 
maline.   Also  reported  from  Mount  Apatite,  in  Auburn. 
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Emerald, — Gem  beryl  found  in  Maine  is  usually  so  pale  that  it  is  classed  as  aquama- 
rine. One  fractured  crystal  found  by  the  writer  at  the  Dunton  mine  in  Newry  could 
properiy  be  classed  as  a  pale  emerald. 

Fddapar. — One  of  the  principal  pegmatite  minerals.  See  albite,  orthoclase,  and 
microdine. 

Fluorite. — Small  crystals  occur  as  an  original  constituent  in  a  few  of  the  pegmatites, 
but  in  general  fluorite  is  much  rarer  in  the  Maine  pegmatites  than  in  those  of  certain 
other  regions. 

Qamet, — ^A  common  constituent  of  most  of  the  pegmatites.  Frequently  occuis  in 
gn^hic  inteigrowth  with  quartz,  muscovite,  or  feldspar.  Garnet  of  gem  clearness  ia 
extremely  rare. 

GraphiU. — ^Absent  from  most  of  the  Maine  pegmatites.  Occurs  in  pegmatite 
injected  into  sedimentary  schists  at  a  few  localities. 

OummiU. — ^Reported  in  minute  particles  from  pegmatite  at  Mount  Apatite,  in 
Auburn.    An  alteration  product  of  some  uranium  mineral. 

EaUoynU, — Reported  from  Mount  Mica.  Probably  a  decomposition  product  of 
feldspar. 

EamlmiU. — Occurs  sparingly  at  Stoneham,  associated  with  herderite  and  ber- 
trandite. 

HebronUe, — See  Amblygonite. 

EerderUe. — ^Found  at  Stoneham,  Me.,  on  quartz  crystals  in  pockets  in  the  pegmatite. 
Found  8pariz:gly  in  Hebron  and  Greenwood,  at  Mount  Apatite  in  Auburn,  and  at 
Berry's  quarry  in  Poland. 

KaoUniU. — ^A  decomposition  product  of  feldspar.  Common  in  pocketo  in  the 
ooazser  pegmatites. 

IdmonUe. — ^A  secondary  mineral  in  some  pegmatites,  resulting  from  the  decomposi- 
tion of  other  iron-bearing  minerals. 

LepidoliU. — Common  in  pegmatites  which  bear  gem  tourmalines. 

LdUingite, — Occurs  in  narrow  stringers  cutting  feldspar  at  Mount  Mica,  in  Paris,  as 
an  original  pegmatite  constituent. 

Magnetite.— Common  in  many  pegmatites  in  well-developed  step-crystals. 

MierodiTU. — One  of  the  commonest  constituents  in  the  pegmatites.  Most  of  the 
potash  feldspar  present  is  microcline  rather  than  orthoclase. 

Mica. — See  Biotite,  Muscovite,  and  Lepidolite. 

Molybdenite. — Abundant  as  an  original  constituent  in  granite  and  associated  pegma- 
tite at  Catherine  Hill  in  Hancock  County,  and  reported  in  small  amounts  in  similar 
rocks  elsewhere.  Reported  from  pegmatite  in  Auburn.  Rare  in  most  pegmatite 
bodies. 

MontmoriUonite. — ^Associated  w;ith  cookeite  and  other  secondary  minerals  in  the  pock- 
ets of  several  of  the  coarser  pegmatite  masses.    A  product  of  feldspar  decomposition. 

MiueovUe. — One  of  the  principal  constituents  in  nearly  all  pegmatites. 

Orthoclase. — ^Present  wiUi  microcline  in  nearly  all  of  the  pegmatites,  the  two  being 
commonly  inteigrown  in  the  same  crystal. 

Phenaeite. — Reported  from  pegmatite  at  Noyes's  tourmaline  mine  in  Greenwood. 

Plumbago. — See  Graphite. 

PoUueite. — Occurs  in  pockets  in  pegmatite  at  Mount  Rubellite  in  Hebron. 

PyrUe. — ^An  original  constituent  in  many  Maine  pegmatites. 

PyrrhotiU. — ^An  original  pegmatite  constituent  at  Mount  Mica,  in  Paris,  and  at  a  few 
other  localities. 

Quartz. — ^White  or  gray;  one  of  the  principal  constituents  of  all  the  pegmatites. 
Massive  rose  quarts  occun  in  a  few  places  and  crystal  groups  of  amethystine  and 
smoky  quarts  are  developed  here  and  there  on  the  walls  of  pockets  in  the  pegmatite. 

BhodoAroeUe. — ^An  original  pegmatite  constituent  at  the  Towne  quarry  in  Auburn. 

e3096'— Bull.  445—11 2 
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Schorl, — See  Tourmaline. 

Spinel, — Reported  from  pegmatite  at  Cobble  Hill  in  Norway. 

SpodumeTU. — Common  in  many  of  the  coarser  pegmatites,  especially  those  that  cany 
gem  tourmalines,  lepidolite,  and  other  lithium  minerals. 

TitaniU. — ^A  minor  original  constituent  of  many  of  the  pegmatites. 

Topaz, — An  original  constituent  of  a  few  of  the  cooiBer  pegmatites.  Usually  forms 
crystals  on  the  walls  of  cavities.  A  massive  constituent  of  some  of  the  solid  peg- 
matites. 

Tourmaline, — Schorl  or  black  tourmaline  is  a  common  constituent  of  many  of  the 
pegmatites.  Colored  tourmalines  occur  in  some,  in  many  places  completely  indoeed 
by  other  minerals,  but  in  others  implanted  on  the  walls  or  lying  on  thefloon  of  cavities. 

Triphylite. — ^An  original  pegmatite  mineral  at  Hamdon  Hill  in  Stoneham.  Asm- 
ciated  with  spodumene  in  Peru. 

Triplite, — ^An  original  constituent  of  pegmatite  in  Auburn  and  Ston^am.  Present 
only  in  small  amounts. 

Vesuvumite, — ^Reported  from  pegmatite  at  Mount  Rubellite  in  Hebron. 

Yttrocerite, — Reported  from  pegmatite  at  Mount  Mica,  in  Paris. 

Zircon, — ^Reported  from  pegmatite  in  Auburn  and  Norway  and  from  Mount  Mica,  in 
Paris. 

Relative  proportions  of  minerals. — Not  only  are  a  great  variety  of 
minerals  present  in  the  pegmatites,  but  there  is  also  much  variability 
in  their  relative  proportions.  In  the  vast  majority  of  deposits  the 
pegmatite  minerals  appear  to  be  present  in  very  nearly  the  same  pro- 
portions as  in  the  associated  granites.  Variations  in  their  proportions 
are  principally  along  two  lines,  the  first  involving  an  increase  in 
silica,  the  pegmatite  becoming  more  quartzose;  and  the  second 
involving  an  increase  in  both  sodium  and  lithia,  the  pegmatite  becom- 
ing rich  in  albite  (variety  clevelandite)  and  in  the  lithium  minerals, 
lepidolite,  spodumene,  colored  tourmaline,  and  amblygonite.  A 
minor  variation  involving  an  increase  in  the  fluorine  content  is  shown 
by  the  presence  of  the  fluorine  minerals  topaz,  fluorite,  herderite, 
hamlinite,  certain  types  of  apatite,  etc.  Increase  in  soda  and  lithium 
and  increase  in  fluorine  are  both  usually  accompanied  by  some  increase 
in  the  phosphorus  content.  Cavities  which  were  probably  originally 
filled  with  water  are  more  abundant  in  the  soda-lithium  rich  pegma- 
tites than  in  the  normal  pegmatites.  As  shown  later,  the  magmas 
from  which  the  former  solidified  were  presumably  more  aqueous  than 
those  of  the  normal  pegmatites. 

Quartzose  phase, — ^The  first  type  of  variation,  increase  in  the  quartz 
content,  is  not  as  common  a  phenomena  in  Maine  as  in  certain  other 
regions  where  pegmatites  are  abundant,  and  it  eonmionly  takes  place 
on  a  small  scale  only."  Quartzose  phases  of  the  pegmatite  are  par- 
ticularly well  shown  on  a  nearly  bare  hilltop  2^  miles  northeast  of 
Paris  in  Oxford  County,  where  the  pegmatite  is  cut  by  a  number  of 
quartz  veins  or  dikes  mostly  under  6  inches  wide  and  mostly  parallel 
to  a  rather  poorly  defined  system  of  joints  in  the  pegmatite.     Some 

«  CertalD  lai^B  qoarta  dikes  may  be  genetically  OQnnected  witii  ibe  po^ma^ite  magmas.  Qixih  QQlmeQ^ 
ttOD  D9£  Dot  «s  yet,  Itoweyer,  boon  pit)V9d« 
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of  these  quartz  veins  possess  very  sharp  boundaries,  but  others  are 
only  vaguely  delimited  from  the  pegmatite.  The  quartz  veins  of  the 
latter  type  are  particularly  likely  to  contain  scattered  crystals  of 
orthodase-micTocline  and  some  muscovite  and  black  tourmaline. 
Black  tourmaline  is  also  in  some  of  the  veins  associated  with  quartz 
alone,  the  two  minerals  being  in  many  places  intimately  intei^rown. 
In  some  narrow  veins  the  black  tourmaline  may  be  mOre  abundant 
than  the  quartz.  In  one  place  the  genetic  relation  between  a  quartz, 
vein  and  the  pegmatite  was  shown  in  the  unequivocal  manner 
illustrated  in  figure  3.  Contemporaneous  quartz  dikes  in  pegmatite 
are  also  well  exposed  in  the  Boothbay  Harbor  region.     (See  p.  166.) 

At  a  laige  number  of  localities,  where  injection  gneisses  are  associ- 
ated with  p^maUte,  quartz  stringers  in  the  gneiss  can  be  traced  into 
continuity  with  the  pegmatite.  A  striking  instance  of  this  is  illus- 
trated in  Plate  IV,  B. 

In  the  Maine  deposits  quartz  is  very  rarely  found  in  distinct  bands 
in  dikes  or  siUs  of  pegmatite.  In  a 
single  small  dike  in  Topsham  some 
concentration  of  quartz  in  the  cen- 
tral portion  of  the  dike  was  ob- 
served, the  feldspar  being  concen- 
trated mainly  along  the  walk. 

Four  thin  sections  of  rose,  white, 
and  gray  quartz  from  the  larger 
quartz  masses  in  the  pegmatites 
were  examined  under  the  micro- 
scope. One  of  these  consisted  of 
a  single  quartz  individual,  but  the 
other  three  showed  several  inter- 
locking   quartz    grains    within     the  F,„„,^3,_Qa>rt.oD^»tfromi«gmatlla, 

small  area  covered  by  the  micro-  I'ans-  Me. 

scope  slide.  The  quartz  in  fdt  of  these  showed  little  or  no  strain 
except  along  an  occasional  zone  of  fracturing  and  recrj'stalltzation 
such  as  that  shown  in  Plate  VI.  In  one  specimen  of  quartz  from  a 
quartz-rich  pegmatite  near  Cumberland  ^tlills  (see  p.  62)  all  of  the 
grains  are  much  strained  and  are  granulated  along  their  borders. 
Like  the  development  of  mica^ioatcd  shear  planes  in  certain  pegma- 
tites, tliis  indicates  slight  local  shearing  movements  subsequent  to 
some  of  the  pegmatite  crystallization.  Such  phenomena  are  the 
exception,  however,  and  not  the  rule. 

Flvidal  eatntiea. — Fluidal  cavities  of  microscopic  dimensions  are 
abundant  in  most  of  the  pegmatite  quartz  examined.  They  are  very 
similar  in  character  in  almost  all  the  quartzes,  characteristic  forms 
being  shown  in  figure  4.  Nearly  all  contain  a  vacuole  or  gas  bubbltt, 
which  in  the  la^^  cavitiea  reverses  its  position  in  the  cavity  when  the 
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slide  is  rotated  in  a  vertical  plane,  moving  always  slowly  toward  the 
top  of  the  cavity  and  thus  indicating  that  the  vacuole  is  of  lower 
density  than  the  inclosing  fluid.  An  examination  of  a  number  of  thin 
sections  of  Maine  granites  shows  that  the  inclusions  in  the  quartzes 
of  both  pegmatites  and  granite  are  similar  iifi  character  and  distribu- 
tion and  are  not  noticeably  different  in  abundance.  In  both  types 
of  rocks  the  fluidal  cavities  are  generally  arranged  in  bands,  most  of 
-which  are  nearly  straight,  though  some  are  wavy.  Some  of  these 
bands  terminate  abruptly  at  the  border  of  a  quartz  grain,  but  others 
pass  without  change  or  deflection  from  one  quartz  grain  to  another. 

In  the  rose  quartz 
illustrated  in  Plate  VI 
some  of  the  bands  of 
fluid  inclusions  in  the 
larger  quartz  grains 
terminate  abruptly  at 
the  sheared  and  re- 
crystallized  zone  and 
others  continue  into 
it.  Bands  of  inclu- 
sions also  pass  from 
grain  to  grain  within 
the  sheared  zone.  It 
appears  therefore  that 
some  of  the  bands  of 
inclusions  are  not  only 
later  than  the  original 
crystallization  of  the 
quartz  but  are  later 
even  than  the  strain- 
ing, granulation,  and 
re  crystallization 
which     subsequently 

Figure  4.— Flui<lal  cavities  in  peRmalitic  quarU,  X  360.  afTocted  it. 

The  tint  and  degree  of  opacity  exhibited  by  the  quartz  seems  to 
be  dependent  in  some  measure  on  the  abundance  and  distribution  of 
the  inclusions.  In  several  pieces  of  dirty-gray,  opaque  quartz, 
iiiclusions  were  particularly  abimdant  and  were  not  confined  to  bands 
but  were  also  scattered  irregularly  through  the  quartz.  A  thin  sec- 
tion of  transparent  smoky  quartz  from  the  Berry  quarry  in  Poland 
was  seen  under  the  highest  available  power  of  the  microscope  (540 
diameters)  to  be  clouded  with  inclusions  so  minute  that  their  char- 
acter could  not  be  made  out.  They  were  not  arranged  in  bands  and 
the  usual  type  of  fluidal  cavities  was  entirely  absent.  It  is  not 
uncommon  for  the  inclusions  in  pegmatite  quartzes  to  be  in  two 
dominant  sets  of  bands  nearlv  at  right  angles  to  each  other  and 


showing  considerable  unifonnity  of  trend  throughout  the  area  of  the 
thin  section.  A  thin  section  of  an  intergrowth  of  quartz  and  garnet 
from  Mount  Apatite  showed  well-developed  bands  of  inclusions 
in  both  minerals,  though  the  bands  were  most  abimdant  and  regular 
in  the  quartz.  The  inclusions  appeared  to  be  of  the  same  type  in 
both,  but  none  were  observed  to  pass  from  one  mineral  to  the  other. 
Alternating  bands  of  clear  and  opaque  quartz  conspicuous  to  the 
unaided  eye  in  the  quartz  of  certain  pegmatites  are  due  to  the  much 
greater  abundance  of  fluidal  cavities  in  the  opaque  areas. 

Dale"  reports  fluidal  cavities  ranging  from  0.00285  to  0.062 
millimeter  in  Redstone,  N.  H.,  granite.  Fluid  inclusions  in  the 
quartz  and  garnet  intergrowth  described  above  ranged  from  0.(X)15 
to  0.0068  millimeter.  Those  in  the  quartz  of  fine-grained  granite 
associated  wdth  pegmatite  at  Rumford  Falls  ranged  from  ().0()15  to 
0.01  millimeter  in  diameter.  In  the  associated  pegmatite  from  the 
same  locality  inclusions  similar  in  character  occurred  in  bands  and 
showed  the  same  range  in  size.  In  both  of  the  Rumford  Falls  rocks 
the  bands  of  inclusions  in  the  quartz  terminate  abruptly  against 
bordering  feldspars.  In  the  latter  mineral  no  fluidal  cavities  were 
observed. 

Sodium  and  lithium  phases. — ^Increase  in  the  proportions  of  sodium 
and  Uthium  in  the  pegmatites  results  in  the  formation,  in  regions 
where  most  of  the  pegmatite  is  of  normal  character,  of  a  few  bands  or 
zones  characterized  by  the  presence  of  clevelandite,  lepidolite, 
spodumene,  and  colored  tourmalines  in  addition  to  the  more  common 
pegmatite  minerals.  The  rich  tourmaline-bearing  pegmatites  of 
Mount  Mica  and  Mount  Apatite  are  of  this  typ<\  Increase  in  the 
phosphorus  content  is  shown  by  the  presence  of  amblygonito  in  nearly 
all  such  deposits.  The  sodium  and  lithium  rich  pcginatit(»s  are 
confined  almost  exclusively  to  the  western  part  of  ^Vndroscoggin 
County  imd  to  the  central  and  eastern  part  of  Oxford  County;  prac- 
tically all  occur  within  a  radius  of  30  miles  from  Mount  Mica,  the 
richest  discovered  locaUty.  Although  it  is  true  that  the  pegmatites 
within  this  area  are  richer  than  the  normal  pegmatites  in  sodium  and 
lithium  their  average  composition  is  but  slightly  dilferent,  since 
even  wnthin  this  area  the  sodium  and  litliium  rich  phases  constitute 
only  a  small  proportion  of  the  total  mass  of  the  pc^gmatite. 

Fluorine  'phuse. — Some  sodium  and  lithium  rich  pegmatites  carry 
fluorine  minerals,  but  pegmatites  carrying  fluorine  and  phosphorus 
minerals  alone  in  addition  to  the  normal  pegmatite  constituents  are 
confined  largely  to  the  western  part  of  Oxford  County,  ^2ven  there 
they  constitute  but  a  small  proportion  of  the  total  mass  of  pegmatite 
present. 

•  Dale,  T.  N.,  Commercial  granites  of  Maasachufietts,  New  Uampshire,  and  Rhode  Island:  Bull   U.  S. 
QeoL  SnnPQj  Na  VA,  1906»  p.  42. 
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Muscovite  pTiase. — ^A  few  deposits  showing  local  increases  in  the 
proportion  of  muscovite  have  been  worked  for  this  mineral  in  the 
past,  but  have  not  been  commercially  successful. 

TEXTUBE. 

The  pegmatites  show  remarkable  differences  in  coarseness,  some, 
especially  the  narrower  dikes  and  sills,  being  but  little  coarser  than 
medium-grained  granites,  though  differing  strikingly  from  the  latter 
in  texture,  and  others  containing  single  crystals  of  nearly  pure 
feldspar  20  feet  across  and  single  beryl  crystals  the  diameter  of  a 
hogshead.  The  majority  of  the  deposits  are  nearer  the  lower  limit 
than  the  higher.  Only  the  coarsest  deposits  are  commercially 
valuable  for  their  feldspar,  quartz,  mica,  or  gem  minerals,  and  these 
constitute  a  relatively  small  percentage  of  the  total  mass  of  pegmatitic 
material  present  in  any  district.  In  most  of  the  pegmatites  worked 
commercially  the  feldspar  and  quartz  crystals  will  not  average  more 
than  4  or  5  feet  in  diameter. 

Irregularity  of  grain. — ^The  most  striking  characteristic  of  the  tex- 
tu«  ofTe  pegiatites,  with  the  exception  of  the  graphic  intergrowths 
described  below,  is  their  irregularity.  Typical  granites  show  consid- 
erable uniformity  in  the  size  of  grains  of  the  same  mineral  species, 
but  the  pegmatites  show  no  such  regularity,  a  feldspar  crystal,  for 
example,  being  as  likely  to  be  two  or  three  or  even  ten  times  as  large 
as  an  adjacent  crystal  as  to  be  of  equivalent  size.  This  feature  is 
shown  on  a  microscopic  scale  in  Plate  II. 

Graphic  granite, — ^Most  of  the  pegmatites  contain  much  graphic 
granite,  formed  by  an  intimate  intergrowth  or  interpenetration  of 
large  single  crystals  of  quartz  and  feldspar.  In  certain  directions 
through  these  intergrowths  the  quartz  forms  an  angular  pattern 
somewhat  resembling  the  cimeif  orm  inscriptions  of  the  ancients.  (See 
PI.  XVIII.)  Fine-grained  phases  pass  in  the  most  gradual  manner  into 
coarser  graphic  granite  (PI.  VII) ;  and  the  latter,  by  decrease  in  the 
percentage  of  quartz,  may  pass  into  masses  of  pure  feldspar,  or  by  de- 
crease in  the  percentage  of  feldspar  into  masses  of  pure  quartz.  Much 
of  the  material  mined  as  '*spar"  is  coarse-grained  graphic  granite 
containing  from  10  to  20  per  cent  of  free  quartz. 

On  casual  inspection  the  coarser  types  of  graphic  granite  appear 
to  contain  a  somewhat  larger  proportion  of  feldspar  than  the  finer- 
grained  types.  Chemical  analyses  of  graphic  granites  of  different 
coarseness  from  Maine  and  from  other  districts  indicate,  however, 
that  the  proportion  of  feldsi)ar  to  quartz  bears  no  marked  relation 
to  the  coarseness.  Such  variations  as  do  occur  are  witliin  relatively 
narrow  limits  and  appear  to  be  dependent  on  the  composition  of 
the  feldspar  and  on  other  factors  not  yet  understood.  Analyses 
of  graphic  granites  of  widely  different  coarseness  from  the  Fisher 
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feldspar  quarry  in  Topsham  are  given  on  page  124.  In  the  quarry 
these  two  rocks  graded  gradually  into  one  another,  and  as  shown 
by  the  analyses  the  proportion  of  feldspar  to  quartz  is  nearly 
id^itical  in  both.  The  samples  analyzed  were  obtained  by  grinding 
five  or  six  pounds  of  each  granite  and  quartering  down  the  product 
to  a  quantity  convenient  for  analysis.  Some  allowance  must;  of 
course,  be  made  for  the  difficulty  in  procuring  a  sample  that  is  truly 
representative  of  the  rock  mass.  This  difficulty  was  greater  in  the  case 
of  the  coarser  rock. 

Feldspar  "brushes J*— A  very  unconunon  type  of  graphic  granite 
was  observed  only  in  Topsham,  in  the  G.  D.  Willes  feldspar  quarry, 
where  it  was  exposed  on  the  extreme  southern  wall  in  dikeUke  bands 
in  the  normal  pegmatite  up  to  a  foot  or  so  in  width.  These  bands 
appear  to  the  unaided  eye  to  consist  largely  of  buff-colored  feldspar 
with  different  though  minor  amounts  of  biotite.  The  feldspar  forms 
an  aggregate  of  brush-shaped  or  long  fan-shaped  crystals  placed  with 
their  long  axes  at  right  angles  to  the  general  trend  of  the  dikelike 
band.  A  faint  banding  in  these  layers  parallel  to  their  general  trend 
and  at  right  angles  to  the  trend  of  the  feldspar  brushes  somewhat 
simulates  bedding. 

This  banding  is  the  combined  effect  (1)  of  a  greater  abundance  of 
biotite  along  certain  layers  than  along  others;  (2)  of  the  presence  of 
zones  quite  even  in  width,  characterized  by  a  coarser  intergrowth 
of  feldspar  and  quartz  than  the  adjacent  layers,  though  generally 
showing  ciystallographic  continuity  from  one  layer  to  another  and 
even  into  a  third  layer;  and  (3)  of  the  presence  of  some  parting  along 
planes  parallel  to  the  a  pinacoid  and  resulting  slight  clouding  of  the 
feldspar  by  alteration  along  these  fractures. 

Single  feldspar  brushes  range  in  length  from  a  fraction  of  an  inch 
to  3  inches.  The  biotite  forms  thin  knife-blade  crystals  which  range 
in  I^ight  from  microscopic  dimensions  up  to  three-fourths  of  an  inch 
and  are  oriented  in  about  the  same  direction  as  the  feldspar  brushes, 
penetrating  or  lying  between  them. 

Under  the  microscope  the  brush-shaped  crystals  are  seen  to  be  made 
up  not  of  feldspar  alone  but  of  a  graphic  intergrowth  of  quartz  and 
feldspar  of  microscopic  dimensions.  The  brushlike  form  represents, 
however,  the  form  of  the  feldspar  crystal.  Quartz  having  one  optical 
orientation  frequently  extends  from  one  feldspar  crystal  into  a  neigh- 
boring one.  The  microscope  shows  also  that  the  feldspar  is  not  all 
of  one  variety.  That  forming  the  brush-shaped  crystals  is  largely 
micTOcline,  but  some  plagioclase,  mostly  in  aggregates  of  irregular 
grains  between  the  brush-shaped  crystals,  is  associated  with  it.  The 
plagioelase  is  albite  and  is  in  places  graphically  intergrovm  with 
quartz.  Quartz  with  the  same  optical  orientation  in  many  instances 
continues  from  a  crystal  of  microcline  into  a  neighboring  one  of  albite. 
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The  long  straight  blades  of  biotite  are  idiomorphic  with  respect  to  the 
quartz  and  feldspar  grains  and  their  intergrowths.  The  biotite 
blades  are  paralleled  in  many  specimens  by  an  abundance  of  micro- 
scopic blades  of  muscovite  alternating  with  thin  layers  of  quartz. 
Other  blades  of  muscovite  traverse  the  rock  in  the  same  manner  that 
biotite  does,  though  they  are  much  smaller. 

The  coarseness  of  the  graphic  intergrowth  of  quartz  and  feldspar 
described  above  varies  notably,  even  where  only  one  quartz  and  one 
feldspar  individual  are  involved.  There  does  not  appear,  however,  to 
be  any  important  difference  in  the  relative  proportions  of  the  minerals 
involved.  On  the  contrary,  it  is  notable  that  the  areas  of  graphic 
intergrowth,  whether  coarse  or  fine,  terminate  very  abruptly  against 
areas  of  pure  feldspar  that  are  crystallographically  continuous  with 
the  feldspar  of  the  intergrowth  (PI.  VIII)  and  that  show  no  transi- 
tion through  intergrowths  characterized  by  progressively  smaller 
proportions  of  quartz.  The  quartz  and  feldspar  thus  appear  to  be 
intergrown  in  rather  definite  proportions  or  not  at  all.** 

Very  little  is  known  of  the  physical-chemical  conditions  that  pro- 
duce the  peculiar  types  of  crystallization  described  above.  The  mode 
of  occurrence  in  the  Alaskan  and  New  Mexican  examples  suggests, 
however,  that  the  brush-shaped  crystals  developed  rapidly  in  a 
border  portion  of  the  magma  where  the  temperature  gradient  was 

a  Adolph  Knopf,  of  the  U.  S.  Geological  Survey,  In  a  personal  communfcatlon  states  that  he  has  observed 
radiating  graphic  intergrowths  identical  with  those  of  the  Maine  specimens  in  rocks  from  the  Cape  Mountain* 
region  near  Cape  Prince  of  Wales  in  Alaska.  The  specimen  brought  from  the  field  was  indistinguishable 
in  appearance  from  the  Maine  specimens  except  that  the  graphic  intergrowth  was  slightly  finer  grained. 
Its  mode  of  occurrence,  however,  was  wholly  different.  It  occurs  at  the  border  of  sills  of  microcline- 
orthoclase-biotite  granite  which  radiate  from  a  central  granite  massif  at  their  contact  with  limestones.  The 
latter  have  been  metamorphosed  by  the  granite  with  the  development,  within  3  feet  of  the  contact,  of 
numerous  contact-metamorphic  minerals.  The  contact  zones  of  micrograph ic  granite  range  up  to  8  inches 
or  so  in  width ,  though  the  individual  brush-shaped  crystals  are  not  over  4  inches  in  length.  In  a  m  icrosoopic 
section  parallel  to  the  long  axis  of  one  of  the  "brushes"  and  about  parallel  to  the  c  (001)  pinacold  of  oneof 
the  feldspar  crystals,  the  cross  sections  of  the  quartz  bands  are  for  the  most  part  elongate  rod-shaped.  In 
some  of  these  the  long  axis  is  the  direction  of  fastest  light  transmission;  in  others  it  is  the  direction  of 
slowest.  Single  microcllne  crystals  may  be  intergrown  with  several  quartz  crystals,  each  with  slightly 
different  orientation  and  slightly  different  trend  of  theh*  blades,  which  repeat  in  miniature  the  brushlike 
forms  assumed  by  the  microcllne  crystals.  A  feature  observed  in  both  the  Maine  and  A  laskan  specimens  is 
the  frequent  abrupt  termination  of  the  quartzes  along  planes  transverse  to  the  axes  of  the  brushes,  other  sets 
of  intergrown  quartz^  beginning  with  equal  abruptness  farther  on.  The  microcline  Is  crystallographically 
continuous  across  these  hiatuses.  In  other  places  the  fine  graphic  intergrowths  are  v<}ucceeded  abruptly  along 
planes  at  right  angles  to  the  length  of  the  br^-^hes  by  coarse  ones.  As  in  the  Maine  specimen,  grains  of 
albite,  usually  graphically  intergrown  with  qx.  tz, occur  between  some  of  the  quartz-miprocllne"  brushes," 
and  between  others  occurs  a  granular  aggregate  of  quartz,  microcline,  and  albite.  There  are  occasional 
short  blades  of  biotite. 

Bands  of  brush-shaped  intergrowths  of  feldspar  and  quartz,  similar  in  appearance  to  the  Maine  and 
Alaska  occurrences  but  of  microscopic  dimensions,  were  also  studied  in  a  microscopo  slide  in  the  collection 
of  the  United  States  Geological  Survey.  This  shows  the  contact  between  a  coarse  quartz  diorite  and  an 
Intrusive  aplite  dike  from  New  Mexico.  For  0.15  millimeter  from  the  diorite  contact  occurs  a  granular 
aggregate  of  quartz  and  feldspar  so  fine  that  it  may  represent  a  devitrified  glass;  the  next  zone,  O.fiO  milli- 
meter li  average  width,  is  made  up  of  brush-shaped  intergrowths  of  feldspar  and  quartz  radiating  from 
the  finely  crystalline  zone  mentioned  above  into  the  main  mass  of  aplite. 

Frank  C.  Calkins,  of  the  United  States  Geological  Survey,  reports  in  a  personal  communication  the 
oocurrence near  Anaconda,  Mont., of  borders  1)  inches  or  so  in  width  similar  to  the  Ala.skan  and  Maine 
occurrences  in  general  appearance,  at  the  contact  between  diorite  and  an  intrusive  ma.<is  of  biot  it<'  granite. 
No  specimens  of  these  were  oollected  for  study  but  presumably  they  are  similar  in  structure  to  those  here 
described. 


steep.  In  general  the  brushes  are  elongate  in  the  direction  probably 
characterized  by  the  most  rapid  temperature  variation,  that  is,  at 
right  angles  to  the  bordering  wall.  It  is  possible  that  progressive 
differences  in  concentration  of  the  magmatic  solution  as  the  wall 
rock  was  approached  were  also  in  part  the  cause  of  the  faster  growth 
of  the  crystals  in  that  direction.  The  brush-shaped  crystals  noted 
in  Maine  unquestionably  represent  a  phase  of  the  pegmatite  crystal- 
lization, evidently  one  of  its  later  stages. 

In  addition  to  the  graphic  intergrowths  of  feldspar  and  quartz  the 
quartz  in  many  of  the  Maine  pegmatites  assumes  branching  or 
arborescent  forms  in  the  feldspar. 

IntergrowOis  of  minor  constituenta, — Graphic  intergrowths  are  not 
confined  to  feldspar  and  quartz  but  even  in  the  same  pegmatite  mass 
may  often  be  found  between  several  of  the  less  abundant  constitu- 
ents. The  most  common  of  these  are  intergrowths  of  muscovite  and 
quartz  in  which  a  single  crystal  of  muscovite  is  penetrated  both 
parallel  to  and  across  its  laminsB  by  quartz.  The  quartz  in  some 
specimens  seems  to  be  one  crystal,  in  others,  several.  The  pattern 
produced  on  surfaces  parallel  to  the  muscovite  cleavage  resembles 
that  of  graphic  granite  but  is  somewhat  less  regular.  •  In  some  speci- 
mens these  intergrowths  are  fine-grained  in  their  centers  and  become 
progressively  coarser  outward,  terminating  occasionally  in  blade- 
shaped  crystals  of  muscovite.  In  some  places  the  intergrowths  are 
brush  or  rosette-shaped,  and  in  others  the  graphic  intergrowths  form 
borders  about  sharply  bounded  hexagonal  crystals  of  muscovite,  the 
muscovite  of  the  intergrowth  being  crystallographically  continuous 
with  that  of  the  crystal  core. 

Intei^rowths  of  quartz  and  garnet  are  also  common  and  in  certain 
directions  through  them  have  a  more  or  less  graphic  pattern.  Some 
of  these  intergrowths  are  2  to  3  inches  across  and  they  commonly 
possess  well-defined  crystal  faces,  their  outer  portions  being  almost 
entirely  garnet.  When  broken  open,  however,  they  are  seen  to  be 
intergrowths  of  garnet  with  quartz,  the  rods  and  blades  of  the  latter 
in  many  places  radiating  toward  the  crystal  faces.  Garnet  is  locally 
inteigrown  with  the  quartz  of  the  quartz-muscovite  intergrowths. 

Intergrowths  of  quartz  and  black  tourmaline  are  also  common, 
the  tourmaline  usually  radiating  from  a  core  composed  wholly  of 
tourmaline.  At  Mount  Mica  clusters  of  nearly  parallel  black  tour- 
maline crystals,  mostly  from  one-eighth  to  one-half  inch  in  diam- 
eter, embedded  in  a  satiny  matrix  of  very  minute  muscovite  flakes 
are  occasionaUy  found.  The  tourmaline  rods  of  these  intergrowths 
commonly  emerge  from  the  end  of  a  large  tourmaline  crystal. 

Intergrowths  occur  of  a  character  less  regular  and  intimate  than 
those  already  described.  Microcline  feldspar  is  locally  intergrown 
to  some  extent  with  muscovite,  lying  between  the  mica  folia  or 
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cutting  across  them.  Many  small  garnets  with  well-developed 
crystal  forms  are  partly  or  wholly  inclosed  by  muscovite.  Lath- 
shaped  crystals  of  biotite  bordei^  by  muscovite  are  sometimes 
foundi  the  cleavage  planes  of  the  two  micas  being  absolutely  coin- 
cident. Crystals  of  tourmaline  lying  in  somewhat  flattened  form 
between  the  plates  of  a  mica  crystal  are  common,  and  some  small, 
colored  specimens  are  of  much  delicacy  and  beauty.  At  Black 
Mountain,  in  Rumford,  spodumene  was  observed  intimately  inter- 
grown  with  quartz. 

Mica. — In  many  of  the  pegmatite  bodies  muscovite  is  not  ev^y 
distributed  throughout  the  mass  but  is  most  abundant  in  certain 
zones.  (See  PI.  IX,  A,)  These  zones  appear  to  be  distributed 
through  the  pegmatite  in  a  totally  haphazard  manner,  bearing  no 
relation  to  the  general  form  of  the  pegmatite  mass  nor  to  the  position 
of  the  wall  rocks.  The  central  portions  of  these  muscovite  belts  for 
a  width  of  a  few  inches  consist  of  an  aggregate  of  heterogeneously 
arranged  muscovite  plates,  few  of  them  more  than  one-fourth  inch  in 
diameter.  (The  hammer  bead  in  the  illustration,  PL  IX,  A,  rests 
on  one  of  these  central  fine-grained  portions.)  They  are  commonly 
plane  or  only  gently  undulating  throughout  their  length  and,  being 
lines  of  weakness,  are  usually  marked  by  a  fracture  plane.  From  this 
fine-grained  portion  spearhead-shaped  books  of  muscovite,  showing 
wedge  structure  (see  p.  130),  project  in  a  direction  nearly  at  right 
angles  to  the  general  plane  of  the  mica  belt;  some  of  these  muscovite 
books  are  a  foot  in  length.  This  peculiar  distribution  of  muscovite 
is  not  readily  explainable;  but  it  seems  to  represent  a  muscovite 
crystallization  proceeding  not  from  a  single  center,  but  from  a  plane 
or  from  a  large  number  of  centers  lying  in  nearly  the  same  plane.  In 
the  pegmatite  of  the  Black  Mountain  mica  mine  in  Rumford,  where 
the  mica  locally  constitutes  three-fourths  of  the  pegmatite  mass,  the 
elongate  mica  books  near  the  schist  wall  rock  tend  to  orient  themselves 
with  their  long  axes  perpendicular  to  the  contact.  In  a  number  of 
quarries  muscovite  crystallization  about  a  center  is  exemplified  by 
the  presence  of  nearly  equidimensional  aggregates,  some  of  them  5 
feet  across,  consisting  of  small  heterogeneously  arranged  plates  aver- 
aging about  one-fourth  inch  in  diameter.  From  their  peripheries 
these  muscovite  aggregates  send  off  spearhead-shaped  muscovite 
books  into  the  surrounding  pegmatite. 

Biotite  may  occur  in  isolated  lath-shaped  crystals  penetrating  the 
pegmatite  in  all  directions  or  in  radiating  aggregates  of  such  crystals. 

Gem-hearing  pegmatites. — Pegmatites  particularly  rich  in  gem  min- 
erals exhibit  peculiarities  of  structure  not  present  in  the  normal  rock. 
Lithium  minerals,  such  as  colored  tourmalines,  lepidolite,  spodu- 
mene, etc.,  and  the  soda  feldspar  clevelandite,  are  concentrated  in  a 
zone  which  usually  parallels  the  plane  of  greatest  dimension  of  the 
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(rominonly  lens-shaped  pegttlatite  body.  Within  this  zone  pockets 
are  also  apt  to  be  particularly  abundant.  Pockets  are  found  in 
some  of  the  normal  pegmatites  also,  but  their  disposition  seems  to 
be  wholly  sporadic  and  most  of  them  are  barren  of  gem  minerals, 
though  some  contain  groups  of  fine  quartz  crystals  or  of  small  feld- 
spar crystals  on  their  waUs. 

In  the  richly  gem-bearing  pegmatites  the  zone  of  sodium  and 
lithium  minerals  is  generally  separated  from  the  normal  ]>egmatite 
which  borders  it  by  a  highly  gametiferous  zone  from  an  inch  to 
several  inches  wide,  the  garnet  being  associated  with  a  granular 
aggregate  of  quartz  and  feldspar.  A  few  such  bandp  are  paralleled 
by  a  second  one  of  similar  character  1  or  2  inches  away.  These 
garnet  bands  are  frequently  of  practical  service  in  tracing  the  gem- 
bearing  zone.  The  pegmatite  outside  them  is  invariably  barren  of 
gem  minerals. 

As  explained  in  the  detailed  descriptions  of  Mount  Mica  and  other 
gem  localities,  the  gem  tourmalines  are  usudly  found  in  pockets, 
having  developed  on  their  walls.  The  pockets,  though  confined 
mainly  to  the  zone  rich  in  soda  and  lithium  minerals,  may  be  wholly 
absent  from  considerable  portions  of  such  zones  and  are  distributed 
with  great  irregularity  through  the  remaining  portions.  The  char- 
acter and  distribution  of  pockets  is  best  illustrated  at  the  Mount 
Mica  tourmaline  mine.  Plate  XII  is  from  an  early  photograi)h  of  the 
workings  at  Mount  Mica,  taken  at  a  time  when  only  the  outcropping 
portion  of  the  gem-bearing  zone  had  been  worked.  A  stake  with 
canl  attached  marks  the  position  of  each  pocket. 

Most  of  the  pockets  are  somewhat  sj)herical  in  form,  but  others 
are  oval  or  elongate  and  others  exceedingly  irregular.  Their  size 
ranges  from  a  few  inches  across  to  a  magnitude  such  as  is  shown 
in  Plate  XIII,  which  represents  the  largest  j)ocket  owr  found  at 
Mount  Mica. 

Minor  details  of  structure  of  the  gem-bearing  pegnuitites  are  dis- 
cussed in  the  locality  descriptions  (p.  18). 

O&IGIK  OF  THE  MAINE  PEGMATITES. 

The  writer  does  not  purpose  in  this  report  to  discuss  the  volumi- 
nous literature  on  pegmatites  excei)t  in  so  far  as  it  Ix^ars  closely  on 
those  of  the  region  under  discussion.  Previous  writings  and  tln^ories 
have  been  well  summarized  by  George  II.  WillianLs**  and  especially  by 
Brogger.* 

RELATIONS   TO   GRANITES. 

The  geologic  relations  of  the  Maine  pegmatites,  as  already  j)ointed 
out  (pp.  13-15),  show  beyond  reasonable  doubt  that  they  are  g(»neti- 

•  WllUung^  O.  H.,  FUtMOth  Ann.  lUpt.  U.  S.  Q«ol.  Survey,  1895,  pp.  4i75-fi84. 

*  BrOfftf ,  W.  C,  Dflr  SyvnlQMfnuUit-giage  der  sudnorwegischen  Auglt  iind  Nephelinsyeiiite:  Zeitschr. 
t  KxjgL,  vol.  16,  UOO.   Saettooi  on  sbomIs  translated  in  Canadian  Rec.  Sci..  vol.  6, 1894,  pp.  3^-i6, 61-71. 
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cally  connected  in  a  most  intimate  manner  with  the  granites.  Evi- 
dence of  this  is  found  in  mineralogical  similarity,  in  the  invariable 
presence  of  granite  in  all  areas  where  pegmatite  is  found,  and  in 
many  actually  observed  transitions  from  one  to  the  other.  (See 
fig.  2.) 

If  we  admit  a  genetic  connection  between  the  pegmatites  and 
granites,  it  is  next  of  importance  to  inquire  what  evidence  is  afforded 
by  the  Maine  pegmatites  as  to  the  physical  and  chemical  conditions 
which  resulted  in  the  crystaUization  from  related  magmas  of  rocks 
of  such  widely  varjring  character. 

EXTERNAL   CONDFTIONS. 

Differences  in  external  conditions  at  the  time  of  crystallization 
appear  inadequate  to  explain  the  observed  textural  differences. 
This  is  shown  by  the  close  association  of  the  two  types  of  rocks — an 
association  already  cited  as  evidence  of  their  genetic  relationships. 
The  field  relations  show  that  in  many  instances  the  external  condi- 
tions, such  as  the  nature  and  temperature  of  the  wall  rock,  the  depth 
at  which  solidification  took  place,  etc.,  were  similar  for  both  types 
of  rocks.  In  cases  such  as  that  shown  in  figure  2  the  general  exter- 
nal conditions  must  have  been  practically  identical.  A  similar  con- 
clusion is  justified  in  numerous  other  instances  where  granite  and 
pegmatite  grade  into  each  other,  and  especially  where  pegmatite  forms 
segregation-like  masses  wholly  inclosed  in  granite.  Conversely,  the 
broad,  general  similarity  of  the  pegmatites  over  very  large  areas 
where  the  external  conditions  were  certainly  not  constant  also  indi- 
cates that  the  causes  of  their  peculiar  textures  were  in  the  main 
internal  rather  than  external.  It  seems  necessary  to  look,  there- 
fore, to  differences  inlierent  in  the  magmas  themselves  for  an  expla- 
nation. 

DOMINANT   CONSTITUENTS. 

The  characters  shown  by  the  Maine  pegmatites  accord  with  the 
evidence  obtained  from  many  other  districts  in  indicating  (1)  that 
the  pegmatite  magmas  were  characterized  as  a  general  rule  by  the 
presence  of  certain  components  in  amounts  larger  than  occur  in  nor- 
mal granite  magmas,  and  (2)  that  to  these  differences  in  composi- 
tion were  in  large  measure  due  the  differences  in  texture.  The  exact 
nature  of  such  differences  is,  however,  more  largely  a  matter  of 
inference  than  of  direct  field  observation. 

In  the  great  mass  of  the  normal  pegmatite  it  is  exceedingly  diffi- 
cult, if  not  impracticable,  to  make  a  satisfactory  estimate  of  the  rela- 
tive proportions  of  the  different  mineral  constituents.  So  far  as  can 
be  judged  without  measurements  the  proportions  are  of  the  same 
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general  order  as  in  the  normal  granites,  except  that  the  pegmatites 
are  probably  on  the  average  slightly  more  quartzose,  a  conclusion 
that  seems  warranted  by  the  numerous  transitions  from  pegmatite 
masses  into  veins  composed  largely  or  wholly  of  quartz.  The  differ- 
ences in  the  proportions  of  the  principal  mineral  constituents  m  the 
normal  granites  and  the  normal  pegmatites  seem,  however,  insuffi- 
cient to  account  for  the  great  differences  in  their  textures.  It 
appears  necessary  to  seek  the  cause  of  these  contrasts  in  differences 
in  the  proportions  of  minor  constituents  or  in  the  presence  in  the 
granite  or  pegmatite  magmas  of  constituents  which  have  since  escaped 
or  which,  through  occlusion,  are  not  now  visible  to  the  unaided 
eye  in  the  derived  rocks. 

MINOR    CONSTITUENTS. 

The  presence  in  many  pegmatites  of  unusual  minerals,  such  as 
-  fluorite  and  other  fluorine-bearing  minerals,  lithium  minerals,  boron 
and  phosphorus  minerals,  and  occasionally  rare  earth  mii^erals,  has 
"  led  certain  geologists  **  to  attribute  to  some  of  these  substances  an 
•  important  r6le  in  the  production  of  pegmatite  textures,  it  can  not 
be  doubted  that  when  present  in  magmas  such  substances  have  some 
influence  upon  the  texture  of  the  resulting  rock.  It  has  not  been 
demonstrated,  however,  that  the  presence  of  these  unusual  constitu- 
ents is  essential  to  the  development  of  typical  pegmatitic  textures. 
In  the  opinion  of  the  writer  their  presence  is  probably  not  essential. 
The  pegmatites  which  earhest  attracted  the  attention  of  American 
mineralogists  and  geologists,  and  which  have  been  most  often  de- 
scribed in  the  literature,  were  naturally  those  in  which  unusual  min- 
erals were  present  in  especial  abundance  or  in  perfection  of  crystal 
form.  Such  pegmatites  constitute,  however,  only  an  exceedingly 
small  proportion  of  the  pegmatite  in  any  district  and  nuist  be  rejj^arded 
as  unusual  rather  than  as  normal  types.  The  writer  is  familiar  with 
certain  deposits  showing  typical  pegmatitic  textures,  which  have 
been  worked  for  their  feldspar  for  years  with  the  discovery  of  few  if 
any  of  the  rarer  minerals.'*  In  by  far  the  greater  number  of  the 
p^matites  of  Maine  unusual  minerals  are  so  uncommon  as  ordi- 
narily to  escape  detection.  In  pegmatites  in  which  they  are  present 
their  paucity  or  abundance  seems  to  have  small  influence  on  the  tex- 
tures developed.  Those  inclined  to  attribute  larjj^e  influence  in  the 
development  of  pegmatitic  textures  to  the  presence  of  rare  constit- 
uents usually  contend  that  a  more  careful  study  will  show  that  their 
scarcity  is  more  apparent  than  real.     Such  an  assumption  is  not  in 

'Certain  French  gecrioKlsts  In  particular  have  supported  this  view.  See  De  Lapparent,  Traitt^  de 
cMogie,  4th  ed.,  1900,  p.  680;  De  Launay,  La  ecience  gdologique,  19a5,  pp.  SST-S.'y),  5S2-583. 

&The  Andrews  feldspar  quarry  hi  Porthmd,  Conn.,  the  Mitchell  feldspar  quarry  in  Maryland,  and  the 
Qoldings  feldspar  quarry  In  Oeoigetown,  Me.,  are  examples.  See  Bull.  U.  S.  Geol.  Survey  No.  420,  pp.  50, 
75,  and  this  nporty  p.  10ft. 
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accord  with  the  field  observations  of  the  writer  in  Maine  and  other 
parts  of  New  England,  and  it  appears  to  be  unwarranted. 

GASEOUS   CONSTrrUENTS. 

If  neither  the  dominant  nor  the  rare  minerals  of  the  pegmatites 
have  been  controlling  factors  in  the  development  of  typical  pegmatitic 
textures,  it  appears  necessary  to  seek  an  explanation  in  the  presence 
in  the  magmas  of  certain  constituents  which  have  subsequently 
escaped  or  at  least  are  not  readily  recognizable  in  the  resultant  rock. 
The  fact  that  laige  crystals  can  not  be  obtained  at  atmospheric 
pressures  from  simple  dry  melts  of  the  commoner  rock-forming  min- 
erals suggests  at  once  that  the  crystallization  of  these  minerals  in 
nature  took  place  either  under  widely  different  physical  conditions 
(such  as  high  pressure)  or  in  the  presence  of  certain  substances  which 
are  scarce  or  absent  in  the  rocks  as  now  exposed.  It  has  already  been 
argued  from  field  evidence  (p.  28)  that  in  many  instances  differences 
in  pressure  or  other  external  conditions  at  the  time  of  crystallixa- 
tion  can  not  reasonably  be  adduced  to  explain  the  textural  varia- 
tions observed.  In  such  cases  an  appeal  to  the  escaped  constituents 
of  the  magma  appears  unavoidable.  The  same  conclusion  appears 
necessary  when  the  extreme  viscosity  exhibited  (under  atmospheric 
pressures)  by  silica,  orthoclase,  and  albite  near  the  mating  tempera- 
tures is  considered.  The  various  forms  of  silica  that  have  been  arti- 
ficially produced  have  all  crystallized  from  a  melt  so  viscous  as  to  be 
virtually  a  glass.*  As  regards  orthoclase  the  viscosity  of  its  melt 
is  so  great  that  all  attempts  to  crystallize  the  mineral  from  it  have 
been  unsuccessful.  Since  increase  in  pressure  can  hardly  be  appealed 
to  as  increasing  molecular  mobility  ^  in  magmas^  it  seems  necessary 
again,  in  accounting  for  the  large  crystals  developed  in  the  pegmatites, 
to  postulate  the  presence  in  the  magma  of  some  substance  or  sub- 
stances not  now  recognizable  in  the  derived  rock.  That  the  presence 
of  volatile  constituents  in  a  magma  does  influence  the  viscosity  is 
shown  by  the  fact  that  certain  obsidians  may  be  readily  melted  with 
evident  fluidity  and  the  escape  of  gases,  but  that  their  refusion  after 
such  gases  have  escaped  is  much  more  difficult.  Iddings*  has  also 
shown  from  a  microscopic  study  of  the  obsidian  of  Obsidian  Cliff, 
Yellowstone  National  Park,  that  where  there  was  more  dissolved 
gas  the  conditions  were  more  favorable  for  crystallization  than  in 
other  parts  of  the  magma. 

Among  those  constituents  of  magmas  which  might  e^scape,  leaving 
little  record  of  their  former  presence,  water  gas  and  hydrogen  are 

a  Day,  D.  T.,  and  Shepherd,  E.  S.,  The  Hme^iUoa  series  of  minerals:  Am.  Jour.  Sd.,  4th  ser.,  vol.  22, 
1906,  pp.  271-273.  Day,  D.  T.,  and  Allen,  E.  T.,  The  ieomorphlna  and  thennal  propertiea  of  the  feld- 
spars: Pubs.  Carnegie  Inst.,  No.  31, 1905,  pp.  2S-29  and  45-55. 

b  Barker,  Alfred,  The  natural  history  of  igneous  rocks,  1909,  pp.  163-164. 

eiddings,  h  F.,  S«yenth  Ann,  Rept.  U,  S.  OeoU  Surrey,  18S8,  pp.  283-287,  Also  Igneous  rooks,  1909, 
p.  185. 
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probably  the  most  abundant,  as  is  plainly  indicated  by  analyses  of 
the  gases  still  remaining  in  igneous  rocks  ^  and  by  studies  of  the  gases 
emitted  from  volcanic  rents.  ^ 

The  presence  of  water  gas  in  association  with  subordinate  amounts 
of  other  gases  and  of  certaip  unusual  substances  (mineralizers)  has 
been  considered  by  many  observers  to  be  the  competent  and  effective 
cause  in  the  development  of  pegmatitic  textures.  With  this  opinion 
the  present  writer  is  in  general  accord,  though  the  persuasion  is  based 
more  largely  on  the  process  of  reasoning  already  outlined  than  on 
field  evidence  of  high-water  content  or  relatively  low  viscosity  in  peg- 
matite magmas.  The  field  evidence  gathereil  in  the  study  of  the  Maine 
pegmatites  is  summarized  later  (p.  45),  but  must  be  looked  on  as 
merely  suggestive;  anything  like  a  complete  solution  of  the  problem 
will  in  all  probability  wait  upon  synthetic  laboratory  experiments 
on  the  interaction  between  gases  and  rock-forming  silicates. 

The  small  weight  of  the  gaseous  and  liquid  constituents  of  most 
igneous  rocks  as  compared  vrith  the  total  weight  of  the  rock  might 
lead  one  to  question  their  competence  to  notably  affect  the  viscosity 
of  magmas  and  to  produce  laige  textural  variations.  In  this  connect 
tion  it  may  not  be  out  of  place  to  call  attention  to  a  possible  applica- 
tion of  Raoult's  law,^  according  to  which  if  various  substances  are 
dissolved  in  equal  amounts  of  the  same  solvent  in  the  proportions  of 
their  molecular  weights  the  resulting  lowering  of  the  freezing  ])oint 
of  the  solution  will  be  the  same  in  each  case.^  In  other  words,  the 
effect  produced  is  a  function  of  the  number  of  molecules  concerned 
and  is  not  primarily  dependent  on  the  nature  of  the  substances 
introduced.  It  follows  that  a  small  amount  by  weight  of  a  substance 
of  low  molecular  weight  (such  as  HjO,  molecular  weight  18)  will 
exert  the  same  depressing  influence  on  the  freezing  point  of  the  solu- 
tion as  a  much  greater  weight  of  a  substance  of  high  molecular  weight 
(such  as  FcjOj,  molecular  weight  160);  and  that  given  equal  weights 
of  the  two  the  substance  of  lower  molecular  weight  will  exercise 
much  the  greater  influence.  This  law  has  been  found  to  apply 
strictly  only  to  very  dilute  solutions  where  there  is  no  chemical  action 
between  solvent  and  dissolved  substance.  It  has  been  applied  by 
Vogt*  to  rock  magmas,  but  the  wisdom  of  such  extension  to  cover 
widely  different  and  much  more  complex  physical  conditions  may 
well  be  questioned.  It  seems  not  unreasonable,  however,  to  attribute 
some  general  importance  to  this  principle  in  rock  magmas,  to  the 
extent  that  magmatic  constituents  of  low  molecular  weight  may  exert 

•  ChtDibcrlln,  R.  T.,  The  gases  in  rocks:  Pubs.  Caraegie  Inst.  No.  106, 1908.  This  includes  a  summary  of 
Mrttar  iDTtsti^tloDi. 

»F»ei«Tle«rolthelltcntineon  volcanic  gases,  sm  Clarke,  F.  W.,  The  data  of  geodiemLHtry:  Bull. 
U.  ft.  GedL  Sorrey  No.  3SD,  1906,  pp.  212-230. 

•Oitwald,  Wmnlm,  OvtUnss  of  gneral  elienilstrr>  18KV,  pp.  130-137. 

4  Netfeedng  etaetralytiD  dtandatloo,  whloh  to  probaUy  of  amaU  Importance  Ui  rqcli.  maginasv 

•Vogt,  t  n.  U,  Die  smk»MiiMUk«iinfon.  vol.  2,  lOOi.  pp,  xztl^- 
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greater  iniOiuence  in  lowering  the  freezing  point,  decreasing  viscosity, 
and  affecting  textures,  than  do  constituents  of  high  molecular 
weight.  They  may  thus  attain  an  importance  which  appears  dis- 
proportionate to  the  small  part  by  weight  which  they  form  of  the 
whole  magma.  The  substances  (hydrogen,  water,  fluorine,  chlorine, 
and  boron)  commonly  believed  to  exert  the  greatest  influence  upon 
the  viscosity  of  magmas  and  the  textures  of  the  resulting  rocks  are 
all  substances  of  much  lower  molecular  weights  than  silica  and  the 
rock-making  siUcates  and  oxides,  even  if^  minimum  values  for  the 
latter  are  assumed.  The  hiatus  between  the  molecular  weights  of 
these  two  groups  of  substances  is  so  marked  as  to  justify  the  reten- 
tion of  the  term  ^^mineralizers'^  for  the  lighter  group,  in  case  the 
principle  outlined  above  is  eventually  shown  to  be  operative  to  an 
important  degree  in  magmas. 

VISCOSITY   AND  GAS   CONTENT. 

The  field  and  laboratory  data  on  the  pegmatites  of  Maine  that 
bear  on  the  viscosity  and  gaseous  content  of  the  pegmatite  magmas 
may  be  set  forth  as  follows.  As  the  pegmatite  magmas  crystallized 
at  some  distance  below  the  surface,  the  gases  which  they  contained 
must  either  have  made  their  escape  through  the  wall  rocks  or  else 
must  have  remained  in  cavities  or  occluded  within  the  solid  pegmatite 
mass.  The  escape  of  such  materials  through  the  wall  rocks  should 
presumably  leave  some  record  in  contact-metamorphic  effects. 
Their  retention  within  the  rock  should  presumably  be  recorded  in 
an  especial  abundance  of  miarolitic  cavities  and  fluid  or  gaseous 
inclusions. 

Miarolitic  cavities. — The  field  studies  of  the  writer  in  Maine  and 
other  parts  of  New  England  show  that  the  granites  are  almost 
wholly  devoid  of  miarolitic  cavities  of  any  kind.  An  isolated  cavity 
of  small  size  is  occasionally  found,  but  its  walls  are  usually  more  or 
or  less  pegmatitic  in  texture.  In  the  great  bulk  of  the  pegmatites  of 
Maine,  particularly  the  finer-grained  ones,  such  cavities  are  also 
exceedingly  rare.  In  the  coarser  pegmatites,  however,  they  are  a 
characteristic  feature,  though  usually  as  far  as  can  be  judged  con- 
stituting considerably  less  than  1  per  cent  of  the  total  volume  of  the 
pegmatite.  Within  the  very  narrow  gem-bearing  zones  of  certain 
pegmatites  miarolitic  cavities  may  form  a  considerably  larger  per- 
centage of  the  total  volume.  Such  cavities  have  been  attributed  by 
various  writers  to  shrinkage  of  the  pegmatite  mass  in  crystallization. 
This  may  in  fact  play  some  part  in  their  formation,  but  that  they  are 
not  entirely  the  result  of  shrinkage,  but,  on  the  contraiy,  were  filled 
or  partly  filled  with  some  material  which  has  since  disappeared,  is 
shown  by  the  presence  of  perfectly  developed  crystals  of  quartz, 
tourmaline,  and  other  minerals  projecting  inward  from  the  walls  of 
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the  cavities.  Some  filling  must  have  been  present  from  which  such 
crystals  derived  the  materials  for  their  growth.  It  is  probable, 
therefore,  that  immediately  after  the  crystallization  of  the  main  body 
of  p^matite  the  miarolitic  cavities  were  completely  filled  with  a  gase- 
ous solution,  which  may  later  have  liquified  and  has  since  disappeared. 
Water  carrying  numerous  other  substances  in  solution  probably 
formed  the  bulk  of  this  cavity  filling.  The  abundance  of  quartz 
crystals  on  the  walls  of  these  cavities  indicates  that  siUca  was  one  of 
the  most  abundant  of  the  dissolved  substances. 

If  the  crystallization  of  the  rock  with  pegmatitic  rather  than 
granitic  texture  is  due  to  the  presence  of  larger  amounts  of  gaseous 
constituents,  greater  size  or  abundance  of  microscopic  fluidal  or 
gaseous  cavities  might  reasonably  be  expected  in  the  pegmatite 
minerals  than  in  those  of  the  noimal  granites.  With  this  idea  in 
mind  the  writer  attempted  a  microscopic  measurement  of  these 
inclusions  in  pegmatites  and  associated  granites  from  Maine.  On 
account  of  the  uneven  distribution  of  the  inclusions  in  bands  travers- 
ing the  minerals  accurate  estimates  were  found  to  be  impracticable 
and  the  results  were  negative  or  inconclusive.  It  was  found,  more- 
over, that  some  of  the  bands  of  fluidal  cavities  in  the  quartz  of  peg- 
matite were  formed  later  than  shearing  movements  which  had  affected 
the  quartz.  (See  PI.  VI.)  The  inclusions  in  the  pegmatite  were 
similar  in  character  to  those  in  the  noimal  granites  of  the  State  and 
any  differences  in  their  size  and  abundance  in  the  two  types  of  rocks 
was  not  sufficient  to  be  noted  on  casual  inspection. 

Cantact-metamorpMc  effects. — If  the  ])egniatite  magmas  are  charac- 
terized by  considerably  larger  proportions  of  gaseous  constituents 
than  are  present  in  the  granite  niagnuus  and  hence  by  notably  greater 
fluidity,  notable  differences  might  be  expected  in  the  contact-meta- 
morphic  effects  produced  by  the  two  ty])es  of  rocks,  since  such  ellects 
are  believed  to  be  produced  largely  by  gaseous  and  fluid  emanations 
from  the  cooling  igneous  masses.  Field  observations  in  Maine  fail  to 
show  that  contact-metamorphic  effects  due  to  the  intrusions  of  peg- 
matite are  notably  greater  than  those  produced  by  the  granites.  The 
effects  produced  by  both  are  usually  slight  and  in  many  instances 
almost  nil.  In  many  places  masses  both  of  pegmatite  and  granite 
cut  across  the  foliation  of  schists  without  any  distortion  of  the  latter, 
the  contacts  being  of  knife-edge  sharpness.  In  other  places,  however, 
p^matite  has  produced  a  notable  softening  of  the  borderhig  rock, 
though  this  effect  is  usually  apparent  only  close  to  the  contact. 

A  striking  instance  of  this  effect  was  observed  about  2^  miles 

northeast  of  Paris  village,  where  a  pegmatite  mass  2  to  3  feet  across 

and  several  smaller  masses  .are   intrusive   in    schists  of   probable 

metamorphic-sedimentary  origin.     (See  PI.  X,  ^4.)     Although   the 

630W**— Bull.  446—11 3 
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schist  folia  do  not  in  general  conform  to  the  outline  of  the  large 
pegmatite  mass,  as  they  would  if  any  considerable  amount  of  soften- 
ing had  occurred,  still  in  a  zone  an  inch  or  two  wide  along  the  imme- 
diate contact  such  softening  has  taken  place  with  a  deflection  of 
schist  folia  toward  parallelism  with  the  pegmatite  contact.  The 
bending  of  the  schist  folia  in  the  manner  shown  indicates  also  that 
the  pegmatite  when  intruded  behaved  to  a  certain  extent  like  a  solid 
body  capable  of  exerting  differential  thrust  on  the  inclosing  walls  of 
schist.  In  a  body  behaving  essentially  like  a  liquid,  pressure  would 
be  equalized  in  all  directions  and  it  is  difficult  to  see  how  such  bending 
of  folia  along  the  borders  of  the  mass  could  occur. 

Another  instance  of  still  more  extensive  softening  of  the  schists 
bordering  pegmatite,  with  the  development  therein  of  minerals 
derived  from  the  pegmatite  magma,  was  observed  at  Rumford  Falls 
(PL  X,  B),  The  contact  is  very  irregular  and  the  schist  folia  near  the 
contact  curve  around  so  as  to  conform  rather  closely  to  the  outline 
of  the  pegmatite  mass.  Not  only  are  there  irregular  protuberances 
of  the  pegmatite  into  the  schist,  but  there  are  developed  in  the  schist 
next  to  the  contact  a  number  of  masses,  mostly  composed  of  feldspar 
but  with  some  admixture  of  quartz,  which  in  the  plane  of  the  section 
are  not  connected  with  the  main  pegmatite  mass.  There  may,  of 
course,  have  been  some  connection  between  them  and  the  main  peg- 
matite body,  either  above  or  below  the  plane  of  the  present  surface 
of  exposure.  A  feature  of  especial  interest  is  the  development  in 
some  of  these  masses  of  well-defined  crystal  faces,  as  is  clearly  shown 
in  Plate  X,  5,  especially  in  the  mass  to  which  the  hammer  handle 
points.  The  straight  faces  on  these  masses  are  parallel  to  the  cleavage 
directions  in  the  feldspar  and  there  can  be  no  doubt  that  they  are 
crystal  faces.  These  relations  plainly  indicate  a  considerable  per- 
meation of  the  schist  by  the  pegmatite  magma  and  a  sufficient  yield- 
ing on  the  part  of  the  schist  to  j)ermit  the  development  of  very  perfect 
ciystal  faces  in  the  feldspar.  This  may  have  been  accomplished 
through  absorption  or  by  metasomatic  replacement  of  the  schist,  but 
other  evidence  of  absorj)tion  is  wholly  absent,  for  the  contacts  though 
very  irregular  are  veiy^  sharp,  and  no  difference  is  noticeable  between 
the  pegmatite  next  the  contact  and  that  some  distance  away.  It 
seems  more  probable,  therefore,  that  the  phenomena  observed  indi- 
cate a  yielding  of  the  schist  through  recrj'stallization  to  the  pressures 
of  various  kinds  exerted  by  the  pegmatite. 

Further  instances  of  the  softening  of  the  schists  as  a  result  of  the 
intrusion  of  pegmatite  are  exemplified  by  numerous  occurrences  of 
the  type  illustrated  diagrammatically  in  figure  1  (p.  11),  where  the 
schist  laminae  show  a  thickening  opposite  the  nodes  of  the  pegmatite 
dike  or  sill  and  become  thinner  opposite  the  bulges. 
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Such  softening  effects  as  those  cited  are  confined,  however,  to  the 
immediate  vicinity  of  the  pegmatite,  usually  to  a  zone  a  few  inches 
in  width,  and  are  the  exception  rather  than  the  rule,  most  pegmatite 
contacts  being  exceedingly  sharp  and  free  from  all  evidence  of  soften* 
ing.  Absorption  (except  in  a  few  doubtful  instances)  appears  to  be 
wholly  absent,  the  contacts  even  in  the  places  where  softening  is  shown 
being  sharp,  and  the  pegmatite  next  the  contact  showing  no  diif erence 
in  composition  from  that  at  some  distance  away.  Where  schist  frag- 
ments are  inclosed  in  the  pegmatite  their  sharp  outlines  are  preserved. 
Contact-metamorphic  effects  of  the  p^matite  on  schists  are  particu- 
larlj'  noticeable  at  Black  Moimtain  in  Rumford.     (See  p.  96.) 

Forms  of  the  intrusives. — If  the  physical  conditions  of  the  pegmatite 
and  granite  magmas  were  notably  different  at  the  time  of  their  intru- 
sion, it  would  be  natural  to  expect  some  differences  in  the  forms 
assumed  by  the  granite  and  pegmatite  masses.  Though  in  many 
cases  those  forms  are  similar,  there  is  in  general  a  tendency  for  the 
smaller  pegmatite  intrusions  in  the  foUates  to  assume  the  form  of  a 
succession  of  lenses  (fig.  1,  p.  11)  and  for  the  granite  intrusions  of 
similar  size  to  be  more  nearty  parallel  walled.  This  contrast  is  par- 
ticularly noticeable  in  the  Boothbay  Harbor  region  and  near  Rumford 
Falls  and  is  probably  expressive  of  slightly  greater  ligidity  in  the 
granite  than  in  the  pegmatite  magma  and  also  of  greater  softening 
of  the  inclosing  schist  by  the  pegmatite  than  by  the  granite  magmas. 
The  great  size  of  certain  pegmatite  masses,  such  as  Streaked  Mountain 
in  Hebron,  is,  on  the  other  hand,  suggestive  of  degrees  of  viscosity  in 
some  pegmatite  magmas  not  widely  different  from  those  prevailing  in 
normal  granite  magmas.  The  crest  of  Streaked  Mountain  was  exam- 
ined for  more  than  half  a  mile  of  its  length  and  the  width  of  outcrop 
examined  across  the  trend  of  the  ridge  for  about  half  a  mile.  The 
whole  area  traversed  and  the  remainder  of  the  mountain  as  far  as  it 
could  be  seen  was  underlain  almost  exclusively  by  coai-se  pegmatite, 
the  mountain  being  a  '^boss"  of  this  material.  The  pegmatite  is  of 
the  usual  granitic  type  and  exhibits  no  more  than  the  usual  amount 
of  variation  in  texture  and  composition  from  point  to  i)()int.  It  is 
difficult  to  conceive  of  a  mass  of  this  size  and  general  uniformity  ctvs- 
taUizing  under  anything  like  vein  conditions.  With  veiy  high  gaseous 
content  and  correspondingly  high  mobility  it  would  be  natural  to 
expect  more  differentiation  both  in  texture  and  composition.  It 
seems  probable  that  the  viscosity  of  such  a  pegmatite  magma  was 
not  so  much  below  that  of  a  granite  mass  intruded  under  similar  con- 
ditions as  has  been  commonly  supposed. 

Fragments  of  the  waU  rock  are  very  frequently  found  inclosed  by 
the  border  portions  of  the  granite  masses  of  Maine.  The  phenome- 
non is  much  less  common  in  the  case  of  the  pegmatites  but  was 
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nevertheless  observed  at  several  localities.  On  the  highest  portion 
ot  Streaked  Mountain  a  number  of  patches  of  schist  a  few  square 
yards  in  area  were  seen  apparently  entirely  inclosed  by  pegmatite. 
Small  schist  fragments  are  also  inclosed  by  pegmatite  in  the  Booth- 
bay  Harbor  region.  W.  H.  Emmons,  of  the  United  States  Geological 
Survey,  who  visited  Mount  Mica  a  year  later  than  the  writer,  w^hen 
the  excavation  had  proceeded  farther,  observed,  a  few  feet  below  the 
schist  hanging  wall,  schist  fragments  which  appeared  to  be  wholly 
inclosed  in  the  pegmatite.  The  schistosity  of  these  fragments  made 
large  angles  with  the  schistosity  of  the  walls  from  which  they  had 
evidently  been  dislodged.  The  pegmatite  shows  no  bending  of  the 
minerals  nor  other  changes  in  character  near  the  fragments.  In  the 
instances  cited  the  schist  fragments  appear  to  have  been  caught  up 
while  the  pegmatite  mass  was  still  partly  or  wholly  .fluid,  and  the 
density  of  the  magma  was  sufficient,  at  least  in  the  Mount  Mica 
example,  to  float  the  fragments. 

TEMPERATURES    OF    PEGMATITE    CRYSTALLIZATION. 

Experiments  of  Wright  and  Larsen. — Some  e\'idence  in  regard  to 
the  temperatures  of  the  ])egmatitos  at  the  time  they  crystallized  has 
been  obtained  from  studios  of  quartz  by  Wright  and  I^arsen,  some  of 
the  sj)ecimens  being  collected  by  the  waiter  from  the  pegmatites  of 
Maine  and  other  i)arts  of  New  England.     To  quote  from  their  paper — * 

j,\yY  »  »  «  geologic  thermometrio  purposes,  quartz  has  been  found  by  exf>eri- 
encc  to  be  well  adapted.  It  is  plentiful  in  nature  and  occurs  in  many  different 
kinds  of  rocks.  SiOj  in  the  form  of  tridymite  melts  at  about  1,625°  (centigrade); 
between  that  temperature  and  about  800°  tridymite  is  the  stable  phase;  below  about 
800°  quartz  is  the  stable  phase.  From  evidence  thus  far  gathered  it  is  probable  that 
pressure  has  but  slight  effect  on  raising  or  lowering  such  an  inversion  point,  and 
that,  therefore,  whenever  quartz  appears  in  nature,  it  was  formed  at  a  temperature 
below  800°. 

The  studies  of  Wright  and  Lai^sen  and  of  eariier  observers  have 
shown  that  at  about  575°  C.  there  is  a  sudden  change  from  one  form  of 
crystal  symmetry  to  another.  Quartz  developed  below  575°  crystal- 
lizes in  what  has  been  called  the  a  form  (the  trai)ezohedral-tetarto- 
hedral  division  of  the  hexagonal  system)  and  quartz  developed  above 
575°  a])pears  to  crystallize  in  the  ,5  form  (the  trapezohedral-hemihe- 
dral  division  of  the  same  system). 

Quartz  itself  undergoes  a  reversible  change  at  a])out  575°.  *  *  *  Practically 
the  only  crystal lographic  change  which  takes  place  on  the  inversion  is  a  molecular 
rearrangement,  such  that  the  common  divalent  axes  of  the  high  temperature  p  torm 
become  polar  in  the  a  form,  and  this  fact  involves  certain  consequences  which  can 
be  used  to  distinguish  quartz  which  has  been  formed  above  575°  from  quartz  which 
has  never  reached  that  temperature.  At  ordinary  temperatures  all  quartz  is  a  quartz, 
but  if  at  any  time  in  its  history  a  particular  piece  of  quartz  has  j)assed  the  invereion 

e  Wright,  F.  E.,  and  Larsen,  E.  S.,  Quartz  as  a  geologic  thermometer;  Am.  Jour.  Sci.,  4th  ser.,  voL  28, 
1909,  p.  423. 
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point  and  been  heated  above  575°,  it  bears  ever  afterwards  marks  potentially  present 
which  on  proper  treatment  can  be  made  to  appear  Just  as  an  ex|x)sed  photographic 
plate  can  be  distinguished  at  once  from  an  unexposed  plate  on  immersion  in  a  proper 
developer,  although  before  development  both  plates  may  be  identical  in  appear- 
ance.« 

In  addition  to  the  change  in  crystal  form  at  575"^,  the  quartz 
exhibits  changes  in  its  coeilicients  of  expansion,  in  circular  polariza- 
tion, and  in  birefringence. 

Briefly  stated,  the  four  criteria  which  can  be  used  to  dis'tinguish,  at  ordinary 
tempera ture:^,  quartz  which  was  formed  above  575°  from  (juartz  which  has  never 
been  heated  to  that  temperature,  are:  (1)  Crystal  form,  if  crystaly  bo  available,  the 
presence  <»f  trigonal  trapezohcdrons  and  oihcr  evidence  of  tctartohedrinm,  irregular 
development  of  the  rhombs  and  the  like,  being  indicative  of  the  <t  fdrni.  (2)  Char- 
acter of  twinning,  aa  shown  by  Pt<'h  fi«:ure.s  on  the  basal  pinacoid.  In  the  ce  fonn, 
which  crystallized  from  solutions  at  com])arativcly  low  temperatures,  the  twinning 
is  usually  regular  and  sharply  marked,  while  in  t]uartz  i)lates  originally  of  the  ^ 
form  and  n<>w  a  by  virtue  of  inversion  in  the  *<olid  state,  the  lines  are  usually  irregu- 
lar, and  the  twinning  patches  are  small  and  bear  no  relation  to  the  outer  form  of  the 
crj'stal.  (3)  Intergrowtha  of  right  and  left  handed  cpiartzes  are  more  frequent  and 
more  regular  in  boundary  lines  in  the  ct  than  in  the  ^  form.  [4)  Plates  of  originally 
^quartz  but  now  a  quartz  by  inversion  show  the  effect  of  the  inversion  by  the  shat- 
tering, which  should  be  most  evident  on  large  plates.  Into  all  these  criteria  an  ele- 
ment of  probability  enters,  and  in  testing  quartz  plates,  with  this  end  in  view,  a 
number  of  plates  should  be  examined  to  strengthen  the  validity  of  the  inferences 
drawn.  ^ 

The  bearing  of  the  experiments  on  the  tomperatiiros  of  crystalliza- 
tion of  granites  and  pegmatites  has  been  briefly  disciissod  by  Wright 
and  Larsen,  but  the  ^vriter  desires  to  aini)lify  th(^  discussion  by  a 
more  detailed  description  of  its  n^latioii  to  tho.so  s])0('inicns  with 
which  he  is  personally  familiar. 

No  granites  from  Maine  were  testcMl  by  AVri<^ht  and  Lars(»n,  but 
thirteen  specimens  of  granites,  granite  gneisses,  and  p()r])hyries 
which  were  tested  from  other  regions  show  as  a  rule  the  characlc^rs 
of  /9  or  high-temperature  quartz,  thus  i)lacin<j:  (heir  tem])eratine  of 
final  solidification  above  575°  C. 

Two  specimens  of  rose  quartz  from  Maine  (Xos.  13  and  14,  Wright 
and  Larsen),  one  of  them  from  Paris,  Oxford  County,  now  in  the 
collection  of  the  United  States  National  Mus(unu,  were  (examined  bv 
Wright  and  Larsen  and  foimd  to  show  thc^  characters  of  ir  or  low- 
temperature  quartz.  The  specimens  have  tlu*  ap])earance  of  ty])ical 
pegmatite  quartz;  and  in  Maine  rose  quartz,  so  far  as  known,  occurs 
only  as  a  pegmatite  constituent. 

A  specimen  of  rose  quartz  (No.  12,  W.  and  L.)  colh^cted  l)y  the 
writer  from  the  feldspar  and  quartz  quarry  of  P.  H.  Kinkle's  Sons 
at  Bedford,   N.   Y.,   also  showed   the  charact(»ristics  of  a  or  low- 

•  Wright,  F.  E.,  and  Larsen,  E.  S.,  Quartz  as  u  goologic  thermunieter:  Am.  Jour.  Sci.,  4th  mt.,  vol.  2S, 
pp.  423.  425. 
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temperature  quartz.  This  pegmatite  has  been  described  by  the 
writer  in  another  report  **  and  is  similar  in  most  of  its  character- 
istics to  the  coarser  Maine  deposits.  The  quartz  of  this  quarry  is 
mostly  white  but  is  rose  colored  in  places.  It  is  associated  with 
the  feldspar  in  a  wholly  irregular  manner  and  forms  large  masses  in 
one  pit,  being  the  principal  rock  on  two  of  the  walls.  These  quartz 
masses  at  their  borders  are  in  intimate  interpenetration  with  the 
feldspar  and  may  even  grade  into  the  quartz  of  graphic  granite. 
There  is  not  the  slightest  doubt  that  they  form  an  integral  j)art  of 
the  pegmatite  mass,  though  ver>'  lik^Iy  they  were  the  latest  portion 
to  crystallize. 

Another  specimen  of  quartz,  collected  by  the  i^Titer  from  the  peg- 
matite at  an  old  feldspar  quarry  on  the  northwest  side  of  Mount 
Ararat  in  Topsham,  showed  a  quartz  crj'stal  about  1  i  inches  across 
projecting  with  perfectly  developed  pyramid  faces  into  a  crystal  of 
pink  microcline.  The  crystal  faces  of  the  quartz  were  only  shown 
when  the  feldspar  was  broken  away.  The  two  minerals  formed 
intimate  parts  of  a  lai^e  mass  of  coarse  pegmatite  and  plainly  crystal- 
lized contemporaneously.  The  tests  on  this  quartz  (No.  20,  W.  and 
L.)  indicate  that  it  crystallized  below  575°. 

Another  test  (No.  18,  W.  and  L.)  was  made  upon  quartz  collected 
from  the  Berry  feldspar  cjuarry  in  Poland,  Me.  The  deposit  is  a 
gem-bearing  pegmatite  and  the  quartz  tested  was  irregularly  inter- 
gro\ra  with  rounded  lepidolite  and  bladed  albite  of  the  clevelandite 
variety.  It  occurred  in  the  solid  pegmatite  but  near  miarolitic  cav- 
ities. The  tests,  though  not  wholly  conclusive,  show  that  it  probably 
belongs  to  the  low-temperature  variety. 

Crystals  of  transparent  smoky  quartz  (No.  15,  W.  and  L.)  devel- 
oped on  tlie  walls  of  pockets  in  the  pegmatite  at  tlie  same  quarry 
exhibited  low-temperature  characters.  Similar  results  (No.  19,  W. 
and  L.)  were  obtained  for  a  compound  quartz  crystal  developed  in 
one  of  the  pockets  at  the  G.  D.  Willes  feldspar  quarry  in  Topsham. 
At  its  proximate  end  this  crystal  mass  was  intergrown  with  tlie  feld- 
spar of  tlie  wall  of  the  pocket.  It  was  plainly  a  ])egmatite  crys- 
tallization, though  a  late  one. 

A  specimen  (No.  16,  W.  and  L.),  taken  by  the  wTiter  from  a  large 
mass  of  white  quartz  several  feet  across  in  the  pegmatite  at  the 
Fisher  feldspar  quarry  in  Topsham,  also  sliowed  the  characters  of 
the  (X  or  low-temperature  variety.  These  quartz  areas  form  an 
intimate  part  of  the  pegmatite  mass,  interlocking  at  their  borders 
with  cr}"stals  of  the  other  constituents  and  in  places  grading  without 
break  into  the  quartz  of  coarse  graphic  granite. 

In  contrast  to  the  above  tests  on  specimens  of  quartz  from  the 
large  quartz  masses  in  the  pegmatites  and  from  the  quartz  in  or  near 

a  Bastin,  E.  S.,  Feldspar  and  quartz  deiwsius  of  soulhousterii  N'*»w  York:  linll.  T.  S.  (Jeol.  Survey 
No.  315,  1907,  pp.  395-398. 
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the  cavitieSy  tests  of  smaller  masses  of  quartz  in  finer-gained  peg- 
matite or  intergrown  with  feldspar  in  graphic  granite  show  that  in 
these  crystallization  took  place  above  the  inversion  point  of  575°  C. 
Quartz,  for  example,  from  a  pegmatite  dike  1  to  4  feet  in  width, 
cutting  fine-grained  biotite  granite  in  a  railroad  cut  near  Rumford 
Falls  (Xo.  22,  W.  and  L.),  proved  to  be  of  the  /?  or  high-temperature 
variety.  The  rock,  in  addition  to  quartz,  contained  microcline  and 
biotite,  few  of  the  feldspars  exceeding  2  inches  in  diameter.  This 
dike  in  texture  and  coarseness  is  tjqjical  of  very  many  of  the  smaller 
pegmatite  bodies  of  the  State.  Similar  results  were  obtained  with 
quartz  (Xo.  25,  W.  and  L.)  from  the  coarse  graphic  granite  of  Fisher's 
felds])ar  quarrj'  in  Topsham  (see  PI.  XVIII,  and  an  analysis,  p.  124). 
At  this  quarry  much  of  the  feldspar  of  the  grapliic  granite  is  crj-^stal- 
lographically  continuous  with  large  masses  of  pure  feldspar,  and 
much  of  the  quartz  of  the  intergrowths  may  be  traced  into  the 
large  pure  areas.  Graphic  granite  of  similar  composition  and  coarse- 
ness (Xo.  23,  W.  and  L.)  collected  by  the  writer  from  the  Andrews 
feldspar  quarry  in  Portland,  Conn.,  also  showed  high-temperature 
characters.  Concordant  results  were  obtained  on  quartz  of  graphic 
granite  from  the  Urals  in  Russia. 

Application  to  Maine  pegmatit^^. — The  results  of  these  several 
tests  are  consistent  among  themselves  and  in  accord  with  the  order 
of  cr>"stallization  of  various  portions  of  the  p^matite  as  established 
by  field  evidence.  Though  it  Ls  not  safe  to  draw  sweeping  conclu- 
sions from  the  rather  small  number  of  tests  tliev  are  nevertheless 
veiy  suggestive  and  render  it  highly  probable  that,  although  many  of 
the  finer-grained  pegmatite  masses  and  most  of  tlie  graphic  inter- 
gn>wths  of  the  coarser  pegmatites  crystallized  at  temperatures  above 
575°  C,  the  coarser  and  more  siliceous  portions— the  portions  char- 
acterized by  the  cavities  and  hence  presumably  richer  in  gaseous  or 
fluid  constituents — c*rj'stallizecl  at  temperatures  below  575°.  The 
portions  characterized  by  high  and  by  low  temperature  quartz  are 
commonly  so  intimately  associated  in  the  same  pegmatite  mass  that 
it  seems  unreasonable  to  assume  great  difTerences  in  the  temperature 
of  cr\'stallization  of  different  portions.  It  is  })robable,  tlierefore, 
that  the  whole  mass  of  many  of  the  coarser  pegmatites  crystallized 
not  far  from  the  inversion  point  of  quartz;  that  is,  not  far  from 

EUTECTICS   IX    PEGMATITES. 

Largely  as  a  result  of  the  extensive  studies  of  Vogt,*  many  geolo- 
gists* have  been  led  to  attribute  to  eutectics  an  important  part  in 
rock  formation.     One  of  the  phenomena*'  that  most  obviously  sug- 

•  Vogt,  J.  H.  L.,  Die  SilikatachmeUlosungen,  vol.  2, 190),  pp.  117-135. 
ftHarker,  Alfred,  The  natunl  history  of  igneous  rockN,  pp.  262-260,  270-272. 
eTmJl,  J.  J.  H.,  Biltidi  petngraphy,  1888,  pp.  401-4Q2. 
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gested  such  a  relation  was  the  graphic  structure  exhibited  by  many 
pegmatites,  which  closely  resembled  patterns  formed  by  eutectic 
mixtures  in  alloys.  Vogt "  calculated  the  ratio  between  quartz 
and  feldspar  in  a  number  of  analysas  of  graphic  intergrowtlis  of 
quartz  with  microcline,  the  latter  mineral  being  also  pertliitically 
intergrown  with  various  amounts  of  soda  plagioclase.  The  ratios 
were  constant  enough  to  lead  Vogt  to  conclude  that  the  graphic 
granites  represented  eutectic  mixtures.  Slight  disparities  between 
analyses  he  attributed  to  slight  variations  in  the  compositions  of 
the  feldspars  and  to  variations  in  the  pressures  under  which  the 
granites  had  crystallized.  In  many  specimens,  especially  in  micro- 
scopic varieties,  the 
graphic  intergrowths 
are  considered  to  be 
the  end  products  of 
crystallization. 

In  1905  H.  E. 
Johansson,*  working 
mainly  with  Vogt's 
analyses,  computed 
the  molecular  pro- 
j)  o  r  t  i  o  n  s  of  the 
quartz  and  feldspars 
present  and  con- 
cluded that  these 
bore  very  simple 
numerical  relations 

Figure  5.— Diagram  showing  composition  of  graphic  granite.  ♦q     An#»h      other        In 

graphic  granites  with  dominant  orthoclase  the  molecular  ratio  of 
feldspar  to  quartz  was  about  2:3.  In  an  oligoclase  graphic  granite 
the  proportion  was  about  1:2,  and  in  an  albite-quartz  micropeg- 
matite  it  was  about  1:3. 

Later  Bygden*^  made  a  considerable  number  of  other  analyses 
of  grapliic  granites  with  the  special  purpose  of  determining  to  what 
extent  tlie  quartz-feldspar  ratio  is  dependent  on  the  composition  of 
the  feldspar.  He  concluded  that  the  ratio  between  quartz  and 
feldspar  bore  no  regular  relationsliip  to  the  c(uiij)()sition  of  the  feld- 
spar. He  believed  that  in  most  graphic  t2:ranites  definite  ratios  did 
exist  between  the  proj)ortions  of  feldspar  and  quartz,  but  that  these 
ratios  were  not  always  so  simple  as  Vo^t  and  Johansson  had  supposed. 

To  supplement  the  small  number  of  available  trustworthy  analy- 
ses the  writer  collected  specimens  of  graphic  ^jranite  from  the  Fisher 

oOp.  clt.,  pp.  120-121. 

b  Geologiska  fOreningeus  forhandlinpar,  Stockholm,  vol.  27,  llHjri.  p.  liu. 

cBygden,  A.,  t^ber  das  quantitative  Verhaltnis  zwischen  Fckispat  un<l  Quartz  in  Schrift-graniten: 
Bull.  OeoL  Inst.  Univ.  Upsala,  vol.  7,  1904,  pp.  1-18. 
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feldspar  quarry  in  Topsham,  Me.,  and  from  Kinkle's  feldspar  quarry 
in  Bedford,  N.  Y.  These  were  analyzed  by  George  Steiger  in  the 
laboratory  of  the  United  States  Geological  Survey.  (See  p.  124.) 
In  order  that  the  material  analyzed  should  represent  closely  the 
true  composition,  about  10-pound  samples  of  the  Maine  granites 
were  taken.  These  were  pulverized,  carefully  mixed,  and  quar- 
tered down  to  convenient  size  for  analysis.  The  Xew  York  speci- 
men was  a  cleavage  piece  about  1  by  2  by  3  inches  in  size. 

The  ratio  of  quartz  to  feldspar  in  the  analyses  published  by  Vogt 
and  Bygden  and  in  the  author's  analyses  are  given  in  the  table 
below.  In  figure  5  the  compositions  of  the  feldspars  are  plotted 
on  triangular  projection.  The  numbers  in  the  diagram  correspond 
to  those  in  the  table. 

Composition  of  graphic  granites. 
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Bj-gden  No.  7. 
Bygden  No.  8. 
VoptNo.  1. 
Bygden  No.  0. 

Seep.  112. 

Vogt  Nos.  2  and  3. 

Vogt  No.  4. 

Vogt  No.  5. 

See}).  112. 

Bygden  No.  9  (Holmquist). 

VoKt  No.  «■). 

Hycdcn  No.  11. 

iTygden  No.  12. 


"('alculat«^d  from  Iho  iiiuilvs('.>. 


From  the  table  and  diagram  it  is  at  once  evidont  that  even  among 
those  graphic  granites  whose  feldspars  are  almost  identical  in  com- 
position (such  as  Xos.  2  to  6)  there  are  quite  considerable  variations 
in  the  quartz-feldspar  ratio.  In  analyses  Nos.  1,  2,  3,  7,  S,  10,  and 
11  (particularly  in  Xos.  1,  8,  7,  8,  anVl  10)  the  percentage  of  anorthite 
is  small  and  nearly  constant,  the  only  important  variation  being  in 
the  ratio  between  orthoclase  and  albite.  No  regular  or  consistent 
relationship  is  recognizable,  however,  between  this  ratio  and  the 
ratio  betw^een  quartz  and  feldspar.  The  grouping  of  Xos.  1  to  11 
near  the  lower  line  of  the  diagram  signifies  merely  that  the  feldsj)ar 
associated  with  the  orthoclase  (or  microcline)  in  graphic  granites 
as  in  normal  granites'*  is  usually  albite  or  oligodase. 

Both  analyses  and  microscopic  studies  show^  that  most  graphic 
granites    are    mixtures    of    three    minerals — quartz,  orthoclase  or 

•  OariEB,  F.  W^  The  data  of  geochemistry:  BulL  U.  S.  Oeol.  Suney  No.  330, 1908,  p.  360. 


42  PEGMATITES  AND  ASSOCIATED  ROCKS  OF   MAINE. 

micix)cline,  and  a  member  of  the  isomorphous  series  of  plagioclase 
feldspars.  It  should  be  pointed  out,  moreover,  that  if  water  or 
other  gases  were  present,  as  it  is  almost  certain  they  were,  they 
formed  additional  components  whose  amount  the  analyses  do  not 
reveal,  but  whose  influence  on  the  proportions  of  the  other  con- 
stituents may  have  been  great.  If  graphic  granites  crystallized 
from  magmas  of  eutectic  proportions  these  were  therefore  eutectics 
of  at  least  four  components.  The  series  of  analyses  (p.  41),  though 
suggesting  that  the  proportions  between  the  constituents  of  graphic 
granites  are  controlled  by  some  laws,  can  hardly  be  regarded  as 
proving  their  eutectic  origin.  The  theoretical  value  of  such  analy- 
ses in  elucidating  the  laws  governing  rock  solutions  is  impaired  by 
the  fact  that  they  take  no  account  of  the  gaseous  components  of 
the  magmas. 

Vogt  ^  states  that  many  graphic  intergrowths,  especially  when 
developed  on  a  microscopic  scale,  represent  the  last  portions  of 
the  magma  to  crystallize.  This  fact  he  cites  as  in  harmony  with 
the  conception  that  they  represent  eutectic  residues.  Although  this 
may  be  the  true  relation  in  some  cases,  in  others  the  graphic  granite 
was  unquestionably  not  the  last  crystallization  from  the  magma. 
In  the  Fisher  feldspar  quarry  in  Topsham,  for  example,  where 
large  masses  of  graphic  granite  pass  gradually  and  irregularly  into 
large  areas  of  pure  quartz  and  feldspar,  the  tests  of  Wright  and 
Larsen  (see  p.  39)  have  shown  that  the  quartz  of  the  graphic  inter- 
growths crystallized  above  575°  C,  whereas  the  quartz  of  the  large 
pure  areas  crystallized  below  575°.  The  latter  was  therefore  the 
later  crystallization.  Almost  all  the  gem  and  cavity  bearing  por- 
tions of  the  Maine  pegmatites  grade  into  normal  pegmatite  con- 
taining abundant  graphic  granite.  From  the  presence  of  cavities 
and  of  the  rare  minerals,  from  the  general  field  relations,  and  from 
the  fact  that  the  quartz  of  the  pockets  and  of  the  gem-bearing  por- 
tions, wherever  tested,  is  of  the  low-temperature  variety,  there  can 
be  no  reasonable  doubt  that  these  gem  and  cavity  bearing  portions 
rather  than  the  bordering  graphic  portions  were  the  last  parts  of 
the  pegmatite  to  crystallize.'' 

In  considering  the  significance  of  the  graphic  intergrowths  found 
in  pegmatite,  it  is  necessary  to  consider  not  only  the  intergrowths 
of  feldspar  and  quartz,  but  also  the  almost  equally  regular  inter- 
growths of  muscovite  and  quartz,  garnet  and  quartz,  black  tounna- 
line  and  quartz,  etc.  As  muscovite,  tourmaline,  and  garnet  are 
less  abundant  than  feldspar  in  the  pegmatites,  their  intergrowths 

aOp.cit..  pp.  n^l23. 

&In  the  tourmalino-bearing  pepmatltes  of  Califuniia  (according  to  W.  T.  SchalJer,  oral  communication) 
the  zones  characterized  by  cavities  and  l)y  the  presence  of  the  perns  and  other  rare  minerals,  which  were 
almost  certainly  the  last  portions  to  cryst'illize,  pnide  latenilly  without  sharp  break  into  graphic  granite 
which  borders  one  wall  of  these  popmatite  nuii>sos.  OcoiLsii>nal  stringers  of  pegmatite  bearing  llthiuzn 
minerals  branch  off  from  the  main  gem-bearing  layer  and  cut  the  bordorinp  graphic  granite. 
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with  quartz  are  also  less  abundant  and  are  usually  of  smaller  size. 
Such  intergrowths  occur,  however,  scattered  irregularly  through 
practically  all  of  the  coarser  pegmatite  masses.  If  the  eutectic 
be  considered,  as  usual,  as  the  residue  of  uniform  composition  and 
minimum  freezing  point  which  is  the  last  portion  to  crystallize,  it 
is  manifestly  impossible  to  regard  each  of  these  intergrowths  as 
representing  a  eutectic  mixture,  unless  indeed  several  portions  of 
the  pegmatite  magma  are  regarded  as  crystallizing  more  or  less 
independently  of  the  remainder  of  the  mass. 

MINERALOGICAL   PROVINCES. 

It  has  already  been  pointed  out  that  most  of  the  knowTi  pegmatites 
which  are  rich  in  sodium  and  lithium  minerals — that  is,  most  of  the 
gem-bearing  pegmatites — are  restricted  to  a  zone  about  25  miles  long 
and  8  to  9  miles  in  width  extending  in  a  northw^esterly  direction  from 
Auburn  in  Androscoggin  County  to  Greenwood  in  Oxford  County. 
A  second  and  much  smaller  area  includes  the  Newrv  and  Black  Moun- 
tain  localities  in  the  northern  part  of  Oxford  County  and  differs  from 
the  larger  area  in  that  the  gem  minerals  are  embedded  in  the  solid  peg- 
matite and  are  not  in  pockets.  Within  both  areas  the  lithium-bearing 
phases  form  only  a  small  proportion  of  the  pegmatite  present,  most  of 
which  has  the  normal  composition.  The  occurrence  locally  of  certain 
masses  of  unusual  composition  is  to  be  attributed  either  to  the  exist- 
ence in  the  magma  of  sodium  and  lithium  in  very  minute  excess  over 
their  percentages  in  bordering  pegmatite  magmas,  or  else  to  differing 
degrees  of  segregation  in  magmas  whose  average  composition  was 
similar.  As  already  explained,  quartz  associated  with  lepidolite  and 
clevelandite  from  the  gem-bearing  portion  of  one  of  these  pegmatites 
showed  low-temperature  characters,  and  the  unusual  abundance  of 
pockets  indicates  that  these  portions  were  richer  than  the  normal  in 
gaseous  constituents,  probably  mainly  w-ater  vapor.  In  general, 
therefore,  the  gem-bearing  pegmatites  were  characterized  by  a  higher 
percentage  of  sodium,  lithium,  and  phosphorus  than  the  normal  peg- 
matites, and  probably  by  more  water  vapor  and  a  slightly  lower 
temperature  of  crystallization. 

The  region  characterized  by  pegmatites  rich  in  fluorine  minerals  but 
not  in  lithium  minerals  forms  an  area  only  a  few  miles  across  in  the 
town  of  Stoneham  and  bordering  parts  of  other  tow^ls  in  Oxford 
County,  Maine,  and  Chatham,  N.  II. 

GEOGRAPHIC   RELATIONS. 

The  broad  geographic  relationships  of  the  granites  and  pegmatites 
are  also  significant  of  their  relationship  and  origin.  As  may  be  seen 
from  Plate  I,  many  of  the  granite  areas  of  the  eastern  portion  of  Maine 
are  characterized  by  sharp  boundaries,  and  most  of  the  granite  areas 
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of  southwestern  Maine  show  very  indefinite  boundaries  and  are  bor- 
dered by  large  areas  of  slates  and  schists  which  have  been  intruded  by 
various  amounts  of  granite  gneiss  and  pegmatite  and  by  some  granite 
and  diorite.  The  contrast  between  the  two  types  of  contacts  is  well 
shown  within  the  Penobscot  Bay  **  and  Rockland  ^  quadrangles.  In 
many  parts  of  the  former  area,  notably  along  the  granite-schist  con- 
tact from  Bluehill  village  northward  and  from  Bluehill  Falls  south- 
westward  to  Sedgwick,  the  granite  preserves  its  normal  medium  grain 
up  to  the  exact  contact.  In  most  places  this  contact  is  so  sharp  that 
it  is  possible  to  stand  with  one  foot  resting  upon  typical  Ellsworth 
schist  and  the  other  foot  resting  upon  normal  granite.  Dikes  and 
irregular  intrusions  of  granite  are  not  very  abundant  in  the  schists 
near  the  main  granite  masses^  and  flow  gneiss,  pegmatite,  and  basic 
differentiations  from  the  granite  magma  are  almost  entirely  absent. 
In  the  Rockland  quadrangle,  on  the  other  hand,  the  contact  relations 
are  wholly  different,  the  change  from  pure  granite  to  pure  sediments 
taking  place  gradually  through  a  transition  zone  of  contact-metamor- 
phosed and  injected  sediments  2  to  3  miles  in  width.  These  transi- 
tion zones  include  a  great  variety  of  rocks,  slate,  schist,  injection 
gneiss,  flow  gneiss,  diorite,  diabase,  pegmatite,  and  granites  of  various 
textures  all  associated  in  a  manner  so  that  it  is  impracticable  to 
delineate  them  separately  in  ordinary  geologic  mapping.  In  western 
and  southwestern  Maine  these  transition  zones  are  much  broader  than 
in  the  Rockland  quadrangle  and  contain  larger  amounts  of  pegmatite 
and  granite  gneiss  and  smaller  amounts  of  basic  igneous  rocks. 

The  contrast  between  the  sharpness  of  certain  granite  contacts 
observed  in  the  Bluehill  region  and  the  very  gradual  transitions 
observed  in  the  Rockland  quadrangle  and  farther  southwest  seem  to 
be  best  explained  on  the  hypothesis  that  the  broad  injected  zones 
represent  portions  of  the  *'roof'^  of  granite  batholiths,  whereas  the 
sharp  contacts  represent  the  sides  of  similar  batholiths.  The  char- 
acter of  the  rocks  found  in  the  two  types  of  contacts  lends  support  to 
this  view.  The  fact  that  water  gas  and  other  gases  and  their  dis- 
solved substances  escape  upward  more  readily  than  they  do  laterally 
may  explain  the  great  abundance  of  pegmatite  in  the  broad  transition 
zones,  inasmuch  as  the  presence  of  such  gases  is  believed  to  be  the 
most  important  factor  in  the  development  of  pegmatitic  texture.  It 
is  a  reasonable  supposition  that  basic  differentiation  from  tlie  granitic 
magma  would  also  be  more  rapid  upward  than  laterally,  and  the 
abundance  of  diabase  and  diorite  in  certain  of  the  transition  zones 
may  thus  be  accounted  for.  The  hypothesis  is  also  in  accord  with 
the  low  temperatures  at  which  certain  portions  of  the  pegmatites 
appear  to  have  crystallized  in  comparison  with  the  temperatures  of 

a  Folio  149,  Geol.  Atlas  U.  S.,  U.  S.  Gcol.  Survey. 
&  Folio  158,  Geol.  Atlas  U.  S.,  V.  S.  Geol.  Survey. 
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crystallization  of  normal  granites;  it  also  accords  with  the  presence 
of  numerous  dikes  of  very  fine-grained  granite,  some  so  fine  as  to 
be  rhyolitic  in  certain  of  the  contact  zones,  and  with  their  absence 
about  the  sharper  contacts. 

SUMMARY. 

Field  and  laboratory  studies  of  the  Maine  pegmatites  indicate  that 
all  are  in  a  broad  way  contemporaneous  and  are  genetically  related 
to  the  associated  granites. 

External  conditions,  though  locally  having  some  slight  influence, 
are  not  primarily  the  cause  of  the  pegmatitic  textures.  The  presence 
of  the  rarer  elements  seems  to  have  had  only  a  minor  influence  on 
the  texture,  for  in  many  typical  pegmatites  such  elements  appear  to 
be  entirely  absent.  Theoretical  considerations  and  the  presence  of 
.  miarolitic  cavities  in  certain  pegmatites  point  to  the  gaseous  con- 
stituents of  the  pegmatite  magmas,  especially  water  vapor,  as  the 
primary  cause  of  their  textures. 

Although  certain  facts,  such  as  the  pinch  and  swell  phenomena 
observed  in  many  pegmatite  dikes  in  contrast  with  the  parallel- 
walled  character  of  most  of  the  granite  dikes,  indicate  somewhat 
greater  mobility  in  the  pegmatite  than  in  the  granite  magmas,  other 
facts,  such  as  the  sharpness  of  many  of  the  contacts  between  pegma- 
tite and  schist,  the  absence  of  absorption  along  any  of  the  contacts, 
the  presence  of  angular  schist  fragments  now  surroimded  by  pegma- 
tite, the  small  proportion  by  volume  which  the  cavities  bear  to  the 
whole  pegmatite  mass,  the  absence  of  notably  greater  contact-meta- 
morphic  effects  near  pegmatite  than  near  granite  contacts,  and  the 
batholithic  dimensions  of  some  pegmatite  bodies,  all  suggest  that  the 
difference  in  average'  composition  between  the  granite  pegmatites 
and  the  normal  granites  was  relatively  slight  and  that  the  pegmatite 
magmas  were  not  so  greatly  different  in  physical  characters  from  the 
granite  magmas  as  has  been  commonly  supposed. 

In  his  text-book  on  igneous  rocks  "  Iddings,  in  discussing  the  peg- 
matites, says  **the  amount  of  gases  concentrated  in  such  magmas 
was  not  many  times  that  of  the  gases  originally  distributed  through- 
out the  magma  from  which  the  pegmatite  was  differentiated;  pos- 
sibly not  more  than  ten  times  as  much.''  The  present  writer  would 
be  inclined,  in  the  case  at  least  of  the  granite  pegmatites  of  New 
England,  to  estimate  the  gaseous  content  of  these  rocks  at  a  still 
lower  amount. 

The  experiments  of  Wright  and  Larsen  on  quartz  from  pegmatites 
from  Maine  and  elsewhere  indicate  that  some  at  least  of  the  coarser 
pegmatites  began  to  crystallize  at  a  temperature  slightly  above  the 
inversion  point  of  quartz  (about  575°  C.)  and  completed  their  crystal- 

alddings,  J.  P.,  Igneous  rocks,  vol.  1, 1909,  p.  276. 
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lization  somewhat  below  this  temperature.  It  is  probable  that 
many  of  the  liner-grained  pegmatites  crystallized  wholly  above 
575°  C. 

The  theory  that  the  graphic  intergrowths  in  pegmatites  represent 
eutectic  mixtures  can  not  be  regarded  as  proved  by  the  published 
analyses.  Certain  field  evidence  is  unfavorable  to  the  eutectic 
theory. 

The  broader  field  relations  suggest  that  the  large  areas  character- 
ized by  particular  abundance  of  pegmatite  intrusions  constitute  in 
reality  the  roofs  overlying  granite  batholiths.  Where  more  exten- 
sive erosion  has  exposed  the  flanks  of  such  batholiths,  pegmatite 
masses  in  the  bordering  schists  are  not  abundant. 

liOCAL  DESCRIPTIONS. 
ANDROSCOGGIN  COTJNTY. 

AUBURN. 
CHARACTER   AND   DISTRIBUTION   OF  THE   PEGMATITE. 

Large  areas  in  the  town  of  Auburn,  especially  in  the  valleys  of 
Androscoggin  and  Little  Androscoggin  rivers,  are  covered  with  sands 
of  glacial  origin  which  obscure  the  bed  rock.  Wherever  the  latter  ia 
exposed,  however,  it  is  found  to  be  either  quartz-mica  schist  or  peg- 
matite intrusive  in  the  schist  or  a  coarse  gneiss  resulting  from  a  very 
intimate  injection  of  the  schist  by  pegmatite. 

Auburn  Falls. — ^The  prevailing  rock  types  and  the  relationships 
between  them  are  well  shown  in  the  river  bed  at  the  falls  just  above 
the  bridge  between  Auburn  and  Lewiston.  (See  p.  1 1  and  PI.  Ill,  B.) 
The  purplish-gray  quartz-mica  schists,  which  dip  about  30°  NE.,  in. 
many  places  show  distinct  bedding  and  are  of  undoubted  sedimentary 
origin.  They  are  similar  in  every  way  to  those  at  the  Auburn  res- 
ervoir. The  pegmatite  masses  are  intruded  in  general  parallel  to  the 
trend  of  tlie  schists.  Just  below  the  bridge  both  schists  and  peg- 
matite are  cut  by  a  dike  of  fine-grained  diabase  3  to  4  feet  wide. 

The  largest  pegmatite  mass  exposed  crosses  tlie  river  bed  at  the 
falls,  which  are  a  result  of  the  superior  resistance  to  erosion  offered 
by  this  pegmatite  and  its  bordering  intensely  injected  schists  as  com- 
pared with  the  ordinary  phases  of  the  schists.  This  j)egiuatite  sill 
has  a  maximum  thickness  of  about  20  feet  and  extends  nearly  across 
the  river  bed,  though  it  forks  at  several  places.  It  preserves  about  the 
same  coarseness  in  the  wide  and  narrow  parts  and  in  the  center  and 
next  the  walls.  Its  contact  with  the  schist  is  everyw-here  sharp,  and 
there  is  not  the  least  evidence  here  or  anywhere  in  this  vicinity  of  any 
absorption  of  schist  by  the  pegmatite. 

Auhum  reservoir, — Fresh  exposures  of  the  schists  were  also  beauti- 
fully sliown  at  the  new  reservoir  site  on  Goff  Hill  in  Auburn.    This 
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reservoir  was  under  construction  at  the  time  of  the  writer's  visit,  and 
many  exposures  then  showing  have  since  been  covered.  The  scliists,' 
which  in  general  are  purplish  gray  in  color,  have  been  intensely 
injected  by  pegmatite,  though  the  largest  pegmatite  lens  observed 
was  10  feet  long  and  2  J  feet  in  greatest  width.  The  injection  does 
not  in  all  places  take  the  form  of  definite  lenses  or  stringers  of  peg- 
matite, but  in  m^y  the  impregnation  of  the  schist  is  so  intimate  as 
to  obscure  almost  entirely  the  schistose  structure  and  develop  a 
speckled  appearance.  The  sedimentary  origin  of  the  schist  is  shown 
by  the  general  evenness  and  regularity  of  its  trend  and  by  the  local 
preservation  of  bedding  in  its  more  quartzose  layers. 

DanviUe  Comers, — An  exposure  of  considerable  interest  was  ob- 
served in  a  road  cut  about  half  a  mile  southeast  of  Danville  Comers, 
where  the  rock,  which  has  been  recently  blasted,  is  for  the  most 
part  a  gray  granite  of  slightly  gneissic  texture.  It  is  phanerocrys- 
talline,  most  of  its  mineral  grains  ranging  from  1  to  2  millimeters 
in  diameter  and  its  texture  is  typically  granitic.  The  faint  gneissic 
texture  is  due  to  a  parallel  orientation  of  many  of  the  biotite  plates, 
to  their  slightly  greater  abundance  along  some  planes  than  along 
others,  and  to  slight  differences  in  tlie  coarseness  of  certain  bands  as 
compared  with  others.  Under  the  microscope  the  constituents  are 
seen  to  be  quartz,  orthoclase  and  microdine,  albite,  biotite  (altering 
to  chlorite),  and  some  muscovite,  their  relative  abundance  appearing 
from  casual  examination  to  be  in  the  order  given. 

This  granite  gneiss  is  associated  with  subordinate  amounts  of  peg- 
matite, which  is  not  so  coarse  as  much  pegmatite  found  elsewhere,  but 
is  typically  pegmatitic  in  texture.  The  pegmatite  specimen  collected 
for  detailed  study  shows  feldspar  crystals  up  to  one-half  inch  across 
and  aggregates  of  feldspar  crystals  unmixed  with  other  constituents 
1  inch  across  and  areas  of  smoky  quartz  one-half  inch  across.  Mus- 
covite crystals  are  one-eighth  inch  across  and  biotite  crystals  one- 
fourth  inch.  Garnets  up  to  one-sixteenth  inch  in  diameter  occur. 
Texturally  the  pegmatite  differs  from  the  granite  gneiss  in  showing  a 
much  greater  range  in  size  in  the  mineral  grains  of  each  species  and 
much  less  evenness  in  their  distribution.  In  the  pegmatite  there  is 
a  marked  tendency  toward  segregation  of  the  different  mineral  con- 
stituents, some  areas  being  dominantly  feldspar  and  others  domi- 
nantly  quartz.  This  feature  is  entirely  distinct  from  mere  increased 
coarseness  of  grain.  , 

The  constituents  of  the  pegmatite  are  identical  with  those  of  tlie 
granite  gneiss,  being  (1)  quartz,  (2)  orthoclase  and  microcline,  (3)  oligo- 
claae-albite  with  some  border  rims  of  albite,  (4)  biotite,  and  (5)  musco- 
vite, the  numbers  showing  the  order  of  their  apparent  abundance.  The 
principal  difference  in  their  mineral  composition  is  the  much  smaller 
quantity  of  biotite  present  in  the  pegmatite.    Inclusions  are  abundant 
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in  the  quartzes  of  both  rocks  and  are  of  about  the  same  size.  The 
majority  are  under  0.005  millimeter,  but  a  few  are  over  0.01  milluneter 
in  greatest  dimension.  They  are  not  notably  more  abundant  in  the 
pegmatite  than  in  the  granite  gneiss. 

In  a  few  places  the  pegmatite  is  rather  sharply  delimited  from  the 
granite  gneiss  in  dikelike  masses,  but  for  the  most  part  it  occurs  in 
the  granite  in  lens-shaped  or  roughly  spheroidal  masses  from  a  few 
inches  to  a  foot  or  more  across,  coarsest  in  the  center  and  grading  very 
gradually  with  increasing  fineness  into  the  surrounding  granite  gneiss. 
A  few  of  the  pegmatite  "  bunches '*  show  a  center  composed  largely  of 
quartz,  surrounded  by  a  zone  in  which  feldspar  is  dominant.  In 
places  the  pegmatite  masses  send  off  irregular  and  vaguely  bounded 
ramifications  into  the  granite  gneiss.  The  two  types  are  associated  in 
the  most  irregular  manner.  In  places  the  pegmatite  is  very  coarse 
and  carries  beryl  and  black  tourmaline.  One  feldspar  crystal  in  this 
portion  measured  8  inches  across. 

The  relation  and  mineral  characters  detailed  above  suggest  the 
following  inferences  in  regard  to  the  genesis  of  the  rocks  described: 

1.  The  presence  of  the  same  mineral  species  in  the  same  order  of 
abundance  in  both  rocks  and  the  many  instances  of  complete  grada- 
tion of  one  rock  into  the  other  show  that  they  are  products  of  the 
same  parent  magma. 

2.  The  fact  that  the  pegmatite  masses  in  some  parts  of  their  length 
have  rather  sharp  walls  and  in  other  parts  grade  gradually  into  the 
granite  gneiss  indicates  that  certain  portions  of  the  pegmatite  crys- 
tallized after  some  of  the  granite  was  rigid  enough  to  develop  cracks 
into  which  the  pegmatite  magma  penetrated,  and  that  at  the  same 
time  other  parts  were  fluid  enough  to  permit  pegmatite  and  granite 
to  solidify  with  gradual  gradation  and  perfect  crvstallographic  con- 
tinuity between  them. 

3.  The  intimate  and  small-scale  manner  in  which  the  pegmatite 
and  the  granite  gneiss  are  associated,  and  the  fact  that  these  varia- 
tions are  so  irregular  and  are  not  related  in  any  way  to  any  wall 
rock  now  observed  or  probably  existent  in  the  past,  suggest  that  the 
causes  operative  in  producing  the  variations  in  texture  and  composi- 
tion were  not  of  external  origin,  but  were  inherent  in  the  magma  itself. 

Danville  Junction. — In  the  extreme  western  part  of  the  town  of 
Auburn,  about  3  miles  west  of  Danville  Junction,  along  the  road  to 
Poland  Springs,  conspicuous  white  ledges  of  pegmatite  exemplify 
clearly  certain  common  relationships  of  the  pegmatites  of  this  part 
of  the  State.  In  places  this  pegmatite  grades  gradually  with  perfect 
crystallographic  continuity  into  a  rather  fine-grained  granite  gneiss. 
One  pegmatitic  band  1  inch  wide  in  this  granite  gneiss  shows  contor- 
tionS;  which,  in  the  absence  of  any  regional  metamorphism  later 
than  the  granite-pegmatite  intrusions,  appear  only  explainable  as  the 
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result  of  flowing  movements  in  the  granite  gneiss  at  the  time  the 
pegmatite  was  intruded.  A  small  mass  of  quartz-mica  schist  lying 
between  two  sill-like  masses  of  pegmatite,  though  evidently  molded 
somewhat  during  their  intrusion,  shows  no  evidence  of  absoiption. 
Some  of  the  narrower  pegmatite  bands  in  the  schists  can  be  traced 
continuously  through  portions  showing  successively  larger  propor- 
tions of  quartz  into  **lit-par-lit''  injections  of  pure  quartz.  Several 
diabase  dikes  at  this  locality  strike  X.  70°  to  80°  W.  and  dip  ver- 
tical; they  are  about  parallel  to  the  most  prominent  joint  planes  in 
the  granite  and  pegmatite. 

The  inferences  which  appear  justified  from  the  relations  just 
described  are  as  follows: 

1.  The  complete  and  gradual  gradation  of  pegmatite  into  granite 
gneiss  and  the  presence  of  contorted  bands  of  pegmatite  in  the  granite 
indicate  tliat  portions  at  least  of  the  granite  gneiss  were  still  more 
or  less  fluid  when  the  pegmatite  was  intruded. 

2.  Certain  quartz  stringers  in  the  schists  are  the  end  products  of 
pegmatitic  crystallization. 

3.  Neither  the  granite  gneiss  nor  the  pegmatite  at  this  locality 
exercised  any  considerable  absorptive  action  on  the  quartz-mica 
schists  into  which  they  were  intruded. 

Mount  Apatite, — Pegmatite  deposits  are  worked  extensively  for 
feldspar,  and  to  some  extent  for  minerals  valuable  as  gems  or  as 
cabinet  specimens,  at  Mount  Apatite,  a  low  prominence  about  6  miles 
west  of  the  city  of  Auburn  near  the  road  to  Minot,  and  about  2  miles 
from  Littlefield,  the  nearest  railroad  station  on  the  Lewiston  branch 
of  the  Grand  Trunk  Kailwav. 

The  interest  in  Mount  Apatite  as  a  mineral  locality  may  bo  said 
to  date  back  to  1868,  when  the  Rev.  Luther  Hills  called  attention  to 
a  specimen  of  tourmaline  found  by  G.  C.  Hatch  on  his  farm.  This 
crj'stal  yielded  a  fine  2-carat  gem  of  lijrht -green  coh)r,  but  it  was  not 
found  in  place,  and  considerable  searching  having  failed  to  reveal 
any  further  crj'stals  the  property  remained  unworked  for  some  years. 
In  1883  N.  11.  Perr}',  of  South  Paris,  found  the  tourmalines  in  place 
near  the  Hatch  farmhouse,  and  in  that  vear,  from  an  excavation 
about  20  by  8  feet  and  8  feet  deep,  took  nearly  1,3()()  tourmaline 
cn'stals,  ranging  from  very  small  ones  1  centimeter  long  to  one  10^ 
centimeters  long.  Thomas  F.  Lamb,  of  Portland,  was  also  one*  of 
the  pioneers  at  this  locality,  working  uitermittently  for  three  or  four 
years,  part  of  the  time  with  Loren  B.  Merrill,  of  Paris,  now  tlu^  pro- 
prietor of  the  Mount  Mica  tourmaline  mine.  Ilc^  found  a  consider- 
able number  of  gem  tourmalines  and  some  remarkably  handsome 
groups  of  crystals  of  smoky  quartz,  besides  much  valuable  cabinet- 
specimen  material. 

63096*— Bull.  445—11 4 
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After  the  expiration  of  the  leases  of  the  persons  mentioned,  no 
mining  of  importance  was  done  at  Mount  Apatite  until  1902,  when 
the  Maine  Feldspar  Company,  now  the  largest  operator  at  this  locality, 
commenced  mining  feldspar  for  use  in  pottery  manufacture.  Pre- 
viously small  amounts  of  quartz  had  been  mined  and  shipped  for 
use  in  the  manufacture  of  sandpaper,  and  it  is  interesting  to  note 
that  at  this  time  the  feldspar  was  considered  to  be  of  no  value  and 
was  thrown  on  the  dump  piles.  Although  a  few  gems  and  cabinet 
specimens  have  been  found  in  the  course  of  the  feldspar  mining  and 
by  collectors  paying  short  visits  to  Mount  Apatite,  regular  mining 
for  gems  was  not  resumed  until  1907,  when  J.  S.  Towne  commenced 
operations  at  a  new  locality  (p.  55). 

QUARRIES. 

Maine  Feldspar  Company  quarry  and  mill. — The  largest  workings  at 
Mount  Apatite  are  those  of  the  Maine  Feldspar  Company,  of  Auburn, 
which  commenced  operations  in  1902  and  has  operated  continuously 
to  the  present  time  (1909).  The  property  was  visited  by  the  writer 
in  August,  1906,  and  again  in  October,  1907. 

The  workings  consist  of  a  number  of  small  pits  75  to  150  feet  long, 
50  feet  in  average  width,  and  10  to  20  feet  in  depth.  These  are  either 
close  together  or  partly  connected  and  are  located  in  a  single  mass  of 
pegmatite  which  constitutes  the  summit  of  the  hill.  Much  of  the 
hilltop  is  bare,  but  in  a  few  places  as  much  as  6  feet  of  clayey  till  must 
be  stripped  in  working. 

The  minerals  present  are  those  usually  found  in  the  granite  pegma- 
tites of  the  Atlantic  States  which  are  worked  for  feldspar  but  include 
many  others  that  are  characteristic  onl}"  of  the  gem-bearing  pegma- 
tites. 

Quartz  varies  from  white  to  dark  gray  in  color  and  from  opaque  to 
beautifully  transparent.  Its  commonest  occurrence  is  in  graphic 
intergrowth  with  feldspar,  but  it  is  found  also  in  large  pure  masses 
and  in  clusters  of  beautiful  crystals  projecting  inward  from  the  walls 
of  pockets  or  fallen  into  the  mass  of  kaolin,  cookeite,  etc.,  at  their 
bottoms.  Many  of  these  groups  of  crystals  are  colorless  and  trans- 
parent, but  others,  notably  some  found  by  Thomas  F.  Lamb  in  one 
of  the  early  workings  near  the  Hatch  farmhouse,  though  transparent, 
are  smoky.  Some  of  these  latter  are  20  centimeters  in  length  and 
many  are  coated,  especially  at  the  tips  of  the  pyramids,  with  thin 
white  opaque  quartz,  which  is  plainly  of  more  recent  development 
than  the  main  mass  of  the  crystal.  A  few  of  the  quartz  crystals  of 
the  pockets  are  penetrated  by  small  colored  tourmaline  crystals.  The 
quartz  obtained  in  the  course  of  the  present  mining  for  feldspar  is 
white  and  very  pure  and  is  of  excellent  quality  for  any  of  the  many 
purposes  for  which  crystalline  quartz  is  now  used.     It  is  saved  in 
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st<K"k  piles,  where  it  is  allowed  to  accumulate  until  a  sufficient  amount 
is  obtained  to  make  its  shipment  worth  while.  The  profit  is  very 
small  in  handling  quartz  so  far  from  the  principal  markets  in  the 
Middle  Atlantic  States.  At  the  time  of  the  writer^s  visit,  in  1906, 
about  300  tons  of  it  was  lying  in  stock  piles. 

The  feldspar  is  mostly  buff  to  cream  colored  with  local  bluish- 
gray  spots  and  streaks  due  to  minute  inclusions.  Microscopic  study 
shows  it  to  consist  of  the  potash  varieties,  orthodase  and  microcline, 
minutely  (perthitically)  intergrown  with  small  amounts  of  the  soda 
feldspar,  albite.  In  certain  narrow  and  irregular  bands  in  the  pegma- 
tite, albite  of  a  dirty  olive-groen  color  in  irregularly  boundc^l  crystals 
up  to  2  inches  in  length  is  almost  the  only  feldspar  present  and  is 
associated  with  quartz  and  muscovite.  As  is  usual  in  all  feldspar 
quarries,  most  of  the  material  marketed  inider  the  conunercial 
name  '* feldspar"  is  a  graphic  intergrowth  of  feldspar  and  quartz, 
though  whatever  pure  feldspar  may  be  found  is  mixed  with  this. 
In  those  portions  of  the  pegmatite  'which  bear  j)ockets,  the  wlute- 
bladed  variety  of  albite  known  as  clevelandite  is  very  abundant  in 
radiating  aggregates  of  thin  plates.  The  standard  or  No.  2  grade 
obtained  at  this  quarry  consists  principally  of  grai)hic  granite  with  a 
subordinate  amount  of  pure  feldspar.  Some  No.  1  grade  nearly  free 
from  quartz  is  also  obtained;  an  analysis  of  a  sample  of  this,  made  in 
the  laboratory  of  the  Ignited  States  Geological  Survey,  is  given  below. 

Analysis  of  No.  1  ground fcldapar front  Auburn,  Me. 

Silica  (SiOo) fi').  7:J 

Alumina  (AUO, ) "  1 0.  2S 

Magnesia  (MgO) Noih\ 

Liine(CaO).... 22 

Potash  (K2O) H).  2(1 

Soda  (Na.p) ^. I.  OS 

Water  (H,0) IS 

KM),  o.") 

The  mineral  composition  of  this  saiHi>l(\  Jis  ('alcuhUcd  from  the 
analvsis,  is  as  follows: 

Mineral  composition  of  Xo.  1  (jronnd  fhlspnr  fri)in  Aahnrn,  Mt. 

Quartz 2.22 

Orthoclase  and  microcline «iO.  (lo 

Albite '^■^.  <)!) 

Water is 

Other  constituents 1 .  02 

KM).  01 

Muscovite  is  moderately  abundant,  but  almost  none*  of  it  is  in  ('l<nir 
transparent  plates.  Most  of  it  is  of  the  A  variety  (see  j).  1 80)  and  some 
of  the  bladelike  books  are  as  much  as  a  foot  in  l(»ngth.     It  is  oonunon 

•  Inchidgs  traces  of  iron  and  any  TlOs  and  PiO|  that  may  be  present. 
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in  graphic  intergrowths  with  quartz.  As  described  below,  some  small 
clear  muscovite  prisms  are  surrounded  by  a  border  of  lepidolite.  Mr. 
Lamb  has  also  found  some  fine  curved  crystals  of  muscovite. 

Biotite  is  abundant  only  locally  and  can  in  most  areas  be  readily 
avoided  in  mining  the  feldspar.     It  forms  typical  lath-shaped  crystals. 

Lepidolite  is  not  very 'abundant,  but  some  occurs  especially  asso- 
ciated with  clevelandite  and  muscovite  near  pockets.  It  is  present 
in  granular  aggregates  of  small  plates  and  prisms  (in  many  places 
intergrown  with  some  quartz)  and  also  in  larger  plates.  Its  occur- 
rence as  narrow  borders  surrounding  muscovite  and  in  crystallo- 
graphically  parallel  growth  with  it  has  been  fully  described  and 
figured  by  Clarke,*  who  gives  analyses  of  both  of  the  muscovite  and 
the  lepidolite  border. 

Garnets  of  small  size  occur  sparsely  in  all  parts  of  the  pegmatite. 
They  are  most  abundant  in  the  more  quartzose  and  micaceous  parts 
and  are  not  present  in  injurious  amounts  in  the  more  highly  feld- 
spathic  portions. 

Black  tourmaline  is  present  in  all  those  portions  of  the  pegmatite 
which  carry  colored  tourmalines  but  is  only  locally  abundant  and  is 
not  particularly  bothersome  in  feldspar  mining.  Most  of  the  colored 
tourmalines  which  have  been  obtained  have  come,  not  from  the 
feldspar  workings,  but  from  small  pits  near  the  Hatch  farmhouse, 
worked  at  an  earlier  date  solely  for  their  gems  and  mineral  specimens. 
Those  found  in  1883  by  N.  H.  Perry  ranged  from  1  centimeter  to 
lOJ  centimeters  lon^^,  and  differ  from  the  majority  of  the  Maine 
tourmalines  in  being  mostly  of  lighter  color.  They  were  found 
colorless,  light  pink,  lilac,  light  blue,  light  puce  colored,  bluish  pink, 
and  light  green,  some  single  cr}-stals  showing  nearly  all  these  colors. 
Gems  from  some  of  the  paler  crystals  are  said  to  have  deepened  very 
much  in  color  after  cutting.  The  majority  of  these  crystals,  of  which 
nearly  1,500  were  obtained,  were  more  or  l(»ss  flawed.  Some  of  the 
tourmalines  found  later  by  Mr.  I^amb  were  cut  into  gems  of  emerald- 
green  color. 

Crystals  of  light  bluish-green  beryl  also  occur  rather  abundantly, 
embedded  in  the  solid  pegmatite.  One  hexagonal  beryl  found  about 
1898  is  reported  by  J.  S.  Towne  to  haye  been  4  feet  in  diameter  and 
20  feet  in  length,  but  the  majority  do  not  exceed  1  foot  in  length  and 
a  few  inches  in  diameter.  Near  tlie  gigantic  beryl  mentioned 
occurred  several  pockets  bearing  the  finest  crystals  of  herderite  ever 
found  on  Mount  Apatite;  the  form  and  composition  of  these  have  been 
described  by  Penfield.^ 

Apatite  occurs  occasionally  in  crystals  of  fine  luster  and  trans- 
parency, the  colors  being  light  pink,  purple,  light  blue,  and  blue 

o Clarke,  F.  W.,  The  iepUioIitcs  of  Maine:  Bull.  V.  S.  (m'oI.  Siirvey  No.  42,  1SS7.  pp.  1,V17. 
ft  I^en&eld,  S.  L.,  TIerderite  from  Auburn,  Me.:  Am.  Jour.  Sci.,  3d  ser.,  vol.  47,  1.H94,  p.  336. 
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green.  The  crystals  occur  singly  or  in  groups  and  vary  in  size  from 
1  mm.  to  15  mm.  long  and  from  1  to  20  mm.  wide. 

Other  minerals  reported  **  from  Mount  Apatite  are  allanite,  amblyg- 
onitC;  autunite,  cassiterite,  columbite,  cookeite,  damouiite,  gummite, 
magnetite,  molybdenite,  triplite,  and  zircon. 

Neither  the  exact  form  nor  the  area  of  the  pegmatite  body  could 
be  determined,  but  it  occupies  practically  the  whole  top  of  Mount 
Apatite,  and  it  is  probable  that  further  stripping  of  the  soil  in  the 
neighborhood  of  the  present  workings  will  disclose  considerable 
amounts  of  commercially  valuable  feldspar  and  possibly  portions 
valuable  enough  to  be  worked  for  their  gem  minerals.  Tlie  presence 
in  the  pegmatite  of  one  of  the  northern  pits  of  a  2-foot  I)and  of 
epidotized  altered  quartzite  which  is  nearly  flat  lying  and  is  regarded 
as  a  remnant  of  the  sediments  into  which  the  pcgniatito  was  intruded, 
and  the  presence  in  other  pits  of  this  quarr}'  and  in  the  neighboring 
quarries  of  nearly  flat-lj'ing  bands  particularly  rich  in  small  garnets, 
both  indicate  that  the  general  attitude  of  the  whole  pegmatite  mass 
is  rather  flat  lying. 

On  the  floor  of  one  of  the  pits  is  exposed  an  instructive  cross  section 
of  a  dike  of  pegmatite  cutting  the  main  pegmatite  mass.  This  dike 
is  a  foot  in  width  and  cuts  graphic  granite  whose  usual  variations  of 
texture  are  wholly  unaffected,  although  the  two  rocks  show  crystal- 
lographic  continuity  along  the  immediate  contact.  The  dike  at  its 
borders  is  mainly  feldspar,  the  separate  jnore  or  less  blade-shaped 
crystals  being  disposed  at  right  angles  to  the  walls.  The*  center  of 
the  dike  is  an  irregular  band  of  light^gray  quartz.  The  dike  was 
probably  intruded  soon  after  the  partial  or  roniph^te  solidiiicution  of 
the  main  mass  of  pegmatite  under  conditions  favoring  more*  segrega- 
tion of  the  quartz  and  feldspar  than  usually  took  ])la('c.  Only  one 
other  dike  of  similar  character  wa^s  obscMvcd  hv  the  wiitcr  in  tlie 

ft 

course  of  two  months*  field  studv.  Their  raritv  artj:iios  for  the 
essential  contemporaneity  of  most  of  the  pegmatitt*  intrusions. 

Pockets  are  of  rather  rare  and  irregular  occunvnco  and  are  found 
only  in  the  coarser  portions  of  the  deposit.  Very  few  w(mc  obscMved 
by  the  writer.  Most  of  them  are  said  to  be  undcM*  1  foot  in  diameter, 
but  one  about  4  by  6  by  5  feet  in  size  is  said  to  have  been  found. 
Clear  crystalhne  quartz  is  the  commonest  mineral  found  in  the  ])o('k- 
eta,  though  some  tourmalines  and  beryls  of  gem  ([uality  and  crystals 
of  herderite  occur.  Here,  as  at  other  localities,  the  clevelandite  variety 
of  albite  is  common  near  the  pockets. 

Several  dikes  of  typical  fine-grained  diabase*,  whose  minerals  under 
the  microscope  show  only  slight  alteration,  cut  the  j)egmatite.  One 
observed  was  20  feet  in  width  and  another  0  feet  in  width. 


•  Kuns,  0.  F.,  On  the  tourmalines  and  associated  iniuerals  uf  Auburu,  Me.:  Am.  Jour.  Sci.,  3d  ser., 
fOl.27,MM,ps>.IOt-aOft. 
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The  topographic  situation  of  this  deposit  on  the  crest  of  the  hill 
favoi-s  the  ready  disposition  of  the  waste  from  the  quarries  and  also 
provides  a  down-hill  haul  most  of  the  way  from  the  quarry  to  the 
mill.  The  excavating  is  accomplished  by  steam  drilling  and  blasting, 
the  material  then  being  broken  up  with  sledges  and  picked  over  by 
hand.  It  is  hauled  2  miles  by  teams  to  the  mill  at  Littleiield  station. 
The  usual  force  consists  of  a  foreman  and  10  laborers. 

The  feldspar  quarried  at  Mount  Apatite  is  ground  at  a  mill  located 
at  the  side  of  the  Grand  Trunk  Railway  at  Littlefield  station.  The 
ground  spar  is  loaded  directly  into  cars  at  the  mill  and  shipped 
in  bulk  mainly  to  potters  at  Trenton,  N.  J.,  and  East  Liverpool, 
Ohio.  The  equipment  consists  of  one  chaser  mill,  in  which  each 
stone  weighs  about  3^  tons,  and  a  ball  mill,  which  is  larger  than 
that  used  at  most  feldspar  mills,  grinding  3  tons  at  a  load;  the 
capacity  of  the  plant  is  about  15  tons  in  twenty-four  hours.  Eight 
men  and  a  foreman  are  employed.  The  power  is  supplied  by  a  75- 
horeepower  Westinghouse  motor,  the  current  coming  from  a  power 
plant  on  Androscoggin  River. 

Turner  feldspar  quarries, — Three  small  pits  on  the  southern  part  of 
the  summit  of  Mount  Apatite  have  been  worked  intermittently  during 
the  past  ten  years  by  P].  Y.  Turner,  of  Auburn,  the  product  being 
ground  j)rincipally  at  the  mill  of  the  Maine  Feldspar  Company.  The 
quarries  were  idle  at  the  time  of  the  writer^s  visits  in  1906  and  1907, 
but  had  been  worked  more  or  less  at  other  times  during  these  years. 
The  total  amount  of  material  which  has  been  taken  out  is  small. 

The  westernmost  pit  is  a  nearly  circular  opening  25  feet  in  diameter 
and  about  10  feet  in  maximum  depth.  Most  of  the  rock  is  crowded 
with  blades  of  biotite  and  is  therefore  commercially  valueless,  though 
a  small  amount  of  fel(lsj)ar  free  from  iron-bearing  minerals  is  exposed 
on  tlie  floor  of  the  pit.  Some  black  tourmaline  occurs,  and  rosette- 
shaped  graphic  intergrowths  of  quartz  and  muscovite  are  common. 

The  easternmost  j)it  is  about  75  feet  long  by  30  feet  wide  and  10 
feet  in  inaximum  depth.  At  this  pit  two  distinct  bands,  rich  in 
small,  dark-red,  opaque  garnets,  run  through  tlie  i)ogmatite;  they 
are  from  1  to  6  feet  apart  and  dij)  about  15°  NW.  Anotlier  zone 
about  1  foot  thick  lying  just  above  the  garnetiferous  zone  is  particu- 
larly rich  in  black  tourmaline,  and  above  this  is  a  4-foot  zone  which 
shows  an  unusual  profusion  of  muscovite  and  biotite  crystals.  The 
5  feet  of  pegmatite  below  the  garnetiferous  bands  contains  much 
feldspar  of  good  commercial  quality,  iron-bearing  minerals  being 
rare.  None  of  the  upper  layers  at  this  quarry  will  yield  feldspar 
suitable  for  pottery  purj)oses,  and  the  exj)ense  of  removing  the  upper 
layers  woidd  probably  render  it  unprofitable  to  work  the  layer  of 
better  quality  at  the  bottom  of  the  pit. 
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A  third  small  pit,  40  by  40  feet  and  8  feet  in  average  depth,  just 
north  of  the  one  described,  shows  some  feldspar  of  commercial  grade, 
as  does  also  a  small  prospect  pit  on  the  southeastern  slope  of  the  hill. 
In  the  unopened  natural  exposures  near  these  quarries  practically 
all  the  rock  is  too  fine  grained  or  too  rich  in  muscovite  or  iron-bearing 
minerals  to  be  valuable  for  pottery  purposes.  As  far,  therefore,  as 
can  be  judged  from  the  present  exposures  these  quarries  show  little 
prospect  of  yielding  much  feldspar  of  pottery  grade.  The  material 
may  ultimately  prove  of  value  for  poultry  grit,  fertilizer,  or  other 
uses  where  iron-bearing  minerals  are  not  detrimental. 

The  p^matite  of  these  quarries,  though  of  poorer  quality  com- 
mercially than  that  at  the  quarries  of  the  Maine  Feldspar  Company, 
appears  to  form  a  part  of  the  same  large  pegmatite  mass.  The 
excavating  has  been  in  part  by  hand  drilling  and  blasting  and  in  part 
by  steam  drilling.    The  equipment  includes  a  small  derrick. 

Towne  feldspar  and  gem  quarry. — In  April,  1907,  a  quarry  was 
opened  by  J.  S.  Towne,  of  Brunswick,  Me.,  on  the  Pulsifer  farm  about 
one-half  mile  northwest  of  the  Maine  Feldspar  Company's  quarries 
on  Mount  Apatite.  This  quarry  is  operated  by  the  Maine  Feldspar 
Company  for  feldspar,  the  gems  found  being  handled  by  Mr.  Towne. 

The  workings  were  visited  by  the  writer  in  October,  1907,  at  which 
time  they  consisted  of  three  very  small  pits  all  on  the  same  half  acre. 
All  are  in  pegmatite  but  only  two  expose  the  pockety  or  gem-bearing 
zone.  The  third  pit  is  higher  on  the  hill  slope,  and  has  not  yet  got 
down  to  the  pocket-bearing  layer;  ip  the  lower  pits  it  has  penetrated 
it  for  4  feet  but  has  not  yet  reached  its  base.  The  gem-bearing  layer, 
though  grading  gradually  into  the  other  pegmatite,  is  distinguish- 
able from  it  not  only  by  the  presence  of  pockets  but  by  being  some- 
what coarser  than  other  portions  of  the  pegmatite.  It  is  characterized 
by  the  presence  of  clevelandite,  lepidoUte,  and  green  tourmaline 
embedded  in  the  solid  pegmatite,  the  usual  '^indicators"  of  prox- 
imity to  gem  tourmalines.  The  pocket-bearing  layer  appears  to  dip 
about  10°  E.  The  bordering  schists  are  not  exposed  in  the  vicinity 
of  this  quarry. 

The  feldspar  obtained  from  these  pits  is  similar  to  that  mined  at 
the  Maine  Feldspar  Company's  quarry,  and  of  e/jual  value.  Black 
tourmaline  is  abundant  near  many  of  the  pockets,  as  is  also  green  tour- 
maline in  semitransparent  crystals  up  to  one-eighth  inch  in  diameter, 
penetrating  or  interleaved  with  muscovite.  As  at  most  localities 
where  gem  tourmalines  are  found,  biotite  is  almost  entirely  absent. 
Garnets  are  not  abundant  in  the  pocket-bearing  layer,  though  fairly 
abundant  in  the  bordering  phases  of  the  pegmatite.  Lepidolite 
occurs  both  in  granular  aggregates  of  small  scales  and  prisms  and  in 
large  curved  crystals  with  rounded  botryoidal  surfaces  one-half  inch 
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to  1^  inches  across;  many  of  its  curved  crystals  are  interlaminated 
with  the  bladelike  crystals  of  snow-white  clevelandite  or  are  partly 
embedded  in  light-grav,  more  or  less  transparent  quartz.  Amblygo- 
nite  occurs  in  the  solid  pegmatite  in  irregular  masses,  some'of  them 
6  to  8  inches  across.  Some  small  crystals  of  columbite,  cassiterite, 
and  rhodochrosite  occur,  but  their  crystal  faces  are  usually  only 
imperfectly  developed.  One  crystal  of  zinc  spinel  of  perfect  form, 
five-eighths  inch  in  diameter,  was  found  embedded  in  the  feldspar. 
At  the  time  of  the  writer's  visit  only  two  gem-bearing  pockets  had 
been  found.  One  of  these  bore  dark  grass-green  tourmalines  and  the 
other  light-green  tourmalines  tipped  witli  opaque  ])ink.  The  largest 
of  the  dark-green  tourmalines  was  about  three-fourths  inch  in 
diameter  and  IJ  inches  long  but  was  badly  flawed.  A  number  of 
other  pockets  bore  only  crystals  of  transparent  quartz.  Some  fine 
specimens  of  lierderite  have  also  been  found  at  this  locality.  This 
mineral  occurs  in  short  prisms,  few  of  them  over  one-fourth  inch  long, 
commonly  as  an  incrustation  on  the  quartz  crystals  of  the  pockets. 
One  sliort  stout  crystal  attached  to  muscovite  was  as  large  as  the 
end  of  one's  thumb.  This  mode  of  occurrence  is  similar  to  that 
observed  at  Stoneliam,  where  it  was  first  discovered,  and  there  can 
be  little  doubt  that  it  was  formed  througli  gaseous  or  aqueous 
deposition  after  the  solidification  of  tlie  main  pegmatite  mass. 

The  feldspar  obtained  at  this  locality  is  hauled  2  miles  for  grinding 
to  the  mill  of  the  Maine  Felds])ar  Company.  The  gem  tourmalines 
are  cut  and  sold,  principalh"  in  Maine,  by  Mr.  Towne. 

Wade  and  Pvlsifrr  gem  quarries. — A  pegmatite  mass  located  on 
the  farm  of  P.  P.  Pulsifer,  within  100  yards  of  the  Towne  quarry, 
was  opened  up  in  1001  and  was  worked  intermittently  until  1904 
for  its  gems  and  other  rare  minerals. 

The  quarry  was  visited  by  the  writer  in  August,  1006.  The  original 
pit,  opened  by  Mr.  Pulsifer  in  1001,  is  about  25  by  25  feet  and  8  feet 
deep;  it  connects  with  another  pit  about  75  by  30  feet,  with  a  maxi- 
mum depth  of  S  foet.  The  mineral  rights  at  this  second  pit  were 
acquired  from  Mr.  Pulsifer  by  the  Maine  Tourmaline  Company,  and 
were  worked  in  the  summers  of  1004  and  1005."  The  two  pits  con- 
stitute virtually  a  ijingle  quarry. 

The  rock  at  this  locality  is  practically  bare,  so  that  little  or  no 
stripping  is  necessary  in  working  the  deposit.  The  pegmatite  is 
similar  in  general  character  to  most  of  the  gem-bearing  pegmatites 
of  the  State.  The  main  mass  of  the  rock  is  a  graphic  intergrowth 
of  quartz  with  orthoclase  and  microcline,  showing  abrupt  variations 
in  coarseness.  The  deposit  as  a  wh(^le  seems  to  be  rather  flat 
lying,  as  is  shown  by  the  ]>resence  near  its  l)ase  of  a  nearly  horizontal 

oWade,  W.  R.,  The  geui-bearing  pegmutiles  of  western  Maine:  Eng.  and  Miu.  Jour.,  vol.  87,  1009, 
pp.  1127-n29. 
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gametiferous  layer,  with  more  or  less  wavy  upper  surface,  which 
could  be  traced  continuously  for  over  50  feet.  The  gametiferous 
band  itself  is  nowhere  over  1^  inches  wide  and  is  a  rather  finely  gran- 
ular crystallization  of  quartz,  feldspar,  and  garnet,  the  crystals  of 
garnet  constituting  about  half  of  the  band,  but  few  of  them  exceed- 
ing one-fourth  inch  in  diameter.  In  places  the  main  garnet  layer  is 
paralleled  below  at  a  distance  of  1  to  2  inches  by  another  similar 
band  less  rich  in  garnets.  Outside  these  bands  garnet  occurs  in  the 
pegmatite  in  graphic  intergrowth  with  quartz  and  in  small  irregular 
masses  between  the  other  minerals.  The  pegmatite  shows  very 
different  characters  below  and  above  these  gametiferous  layers. 
The  rock  just  above  is  much  coarser,  does  not  show  graphic  texture, 
and  does  show  albite,  in  part  massive  and  in  part  of  the  clevelandite 
variety,  as  its  dominant  feldspar,  though  it  contains  also  some  ortho- 
clase  in  graphic  intergrowth  with  quartz.  Muscovite  in  brush-shaped 
and  rosette-shaped  intergrowths  with  quartz  is  also  more  abundant 
above  than  below  the  garnet  layer,  and  black  tourmaline  is  common  in 
places  in  graphic  intergrowth  with  quartz.  The  pegmatite  just  below 
the  gametiferous  band  is  a  rather  fine-grained  graphic  intergrowth 
of  quartz  and  orthoclase  showing  a  more  or  less  radial  structure 
trending  about  at  right  angles  to  the  gametiferous  layer. 

Only  small  portions  of  the  feldspar  are  of  commercial  grade  for 
pottery  purposes,  both  muscovite  and  biotite  being  quite  abundant. 

Quartz  is  mainly  present  in  intergrowth  with  other  minerals  or 
as  crystals  developed  on  the  walls  of  the  pockets.  Most  of  it  is  white 
or  light  gray,  but  some  small  amounts  of  rose  quartz  are  found. 

The  muscovite  commonly  occurs  with  quartz  in  brush-shaped 
or  rosette-shaped  intergrowths  averaging  4  to  5  inches  in  diameter 
and  disposed  with  utter  irregularity  throughout  the  pegmatite  mass. 
Some  of  these  grade  at  their  outer  borders  into  spearhead-shaped 
bundles  of  muscovite  penetrating  the  neighboring  quartz  masses, 
the  latter  being  apparently  continuous  with  the  quartz  of  the  fine 
muscovite  intergrowths.  No  plate  mica  occurs,  and  the  only  possible 
utilization  of  the  mineral  is  as  scrap  mica. 

Biotite  is  abundant,  though  much  less  so  than  the  muscovite.  It 
occurs  in  small  lath-shaped  crystals,  oriented  in  every  direction  in  the 
pegmatite  mass.  A  few  are  a  foot  long  and  2  inches  wide,  but  the 
majority  do  not  average  more  than  2  inches  long  and  1  inch  in  width. 
A  central "  stalk"  of  biotite  with  smaller  lath-shaped  crystals  radiating 
from  it  is  not  uncommon. 

Lepidolite  is  abundant  near  the  pockets  in  irregular  aggregates  of 
small  plates  or  prisms  one-sixteenth  to  one-eighth  of  an  inch  across, 
and  in  larger  more  or  less  curved  crystals.  In  many  places  it  forms 
narrow  borders  about  hexagonal  muscovite  plates,  the  two  varieties 
of  mica  being  crystallographically  continuous.    Mr.  Wade  reports  one 
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diamond-shaped  book  of  muscovite  a  foot  across  with  a  border  zone 
of  lepidolite  4  inches  wide.  As  in  the  other  Maine  quarries  in  which 
gem  tourmalines  occur,  the  presence  of  the  Hthium  mica  is  considered 
a  favorable  indication  of  the  near  presence  of  gem-bearing  pockets. 

Black  tourmaline,  as  already  stated,  occurs  in  the  pocket-bearing 
zone  of  the  pegmatite  above  the  gametiferous  layers.  It  is  never 
found  in  the  pockets,  where  all  the  tourmalines  are  colored  either 
pink,  blue  green,  or  occasionally  emerald  green.  Most  pockets  con- 
tain tourmalines  of  only  a  single  color,  but  in  some  both  pink  and 
green  varieties  are  found,  and,  indeed,  the  two  colors  frequently  occur 
in  the  same  crystal.  Colored  tourmalines,  most  of  them  partly  or 
wholly  opaque,  also  occur  in  the  solid  pegmatite  near  the  pockets  in 
association  with  lepidolite,  clevelandite,  and  quartz,  and  some  of  these 
crystals  are  curved  through  angles  as  great  as  60°  or  even  90°.  Green 
tourmalines  also  occur  intergrown  parallel  to  the  plates  in  the  musco- 
vite books. 

The  hydromica  cookeite  occurs  principally  in  the  pockets  with 
quartz  as  a  coating  on  lepidolite,  quartz,  feldspar,  and  tourmaline. 

The  tourmalines,  lepidolite,  and  clevelandite  are  beyond  doubt 
crystallizations  from  the  original  pegmatite  magma.  The  cookeite, 
purple  apatite  crystals,  and  certain  opaque  white  outer  coatings  of 
quartz  on  the  clearer  crj^stals  of  gray  quartz,  are  believed  to  be  later 
crystallizations  from  gaseous  or  aqueous  solutions. 

All  of  the  pockets  thus  far  encountered  in  this  pegmatite  have 
been  in  the  portion  lying  al)ove  the  gametiferous  bands.  The  portion 
below  it  seems  to  be  wholly  devoid  of  pockets  and  hence  of  gem 
minerals.  No  pockets  were  exposed  at  the  time  of  the  wTiter's  visit, 
but  those  which  have  b(»en  encountered  are  said  to  range  from  a  few 
inches  to  several  feet  in  diameter.  Though  occurring  apparently 
only  within  a  nearly  flat-lying  pocket-bearing  zone  their  horizontal 
distribution  seems  to  be  totally  irregular.  Their  walls  usually  con- 
sist mainly  of  clevelandite,  lepidolite,  and  quartz,  but  have  in  most 
cases  been  much  weatliered  and  shattered  by  frost. 

The  early  excavations  at  the  original  Pulsifer  pit  disclosed  a  number 
of  pockets  containing  beautiful  and  veiy  perfect  cr^'stals  of  purple 
apatite.  The  form  of  these  crystals  and  their  mode  of  occurrence 
have  been  described  by  Wolff  and  Palache;"  most  of  them  are  now 
in  the  mineralogical  museum  of  Harvard  College.  The  largest 
pocket  yielded  over  2  j>ounds  of  loose  crystals  and  a  dozen  large 
groups  of  crystals  in  the  matrix.  Most  of  them  occurred  on  or 
embedded  in  layers  of  the  oi)aque  white  quartz  which  coat  many  of 
the  crystals  of  transparent  quartz  in  the  pockets. 

The  distribution  of  the  cavities  is  exceedingly  irregular,  and  no 
prediction  can  be  made  as  to  the  success  wliich  will  attend  further 

a  Wolff,  J.  E.,  and  Palache,  C,  Apatite  from  Minot  [should  be  Auburn],  Me.:  Proo.  Am.  Acad.  Arts 
and  Scl.,  vol.  37,  No.  18,  1902,  p.  Sib. 
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mining.  The  relations  shown  in  the  present  pit  seem  to  indicate 
that  the  trend  of  the  gametiferous  layer  above  described  may  be 
taken  as  an  indicator  of  the  trend  of  the  pocket-bearing  portion 
lying  just  above  it.  Further  excavation  in  this  zone  is  fairly  certain 
to  disclose  gem-bearing  pockets,  but  excavation  below  the  garnet- 
bearing  layer  has  not  been  fruitful.  Great  care  should  be  used  in 
drilling  and  blasting,  for  injudicious  placing  of  the  drill  holes  and 
heavy  blasting  with  dynamite  are  likely  to  shatter  valuable  material. 

The  pegmatite  at  this  locality  is  cut  by  a  dike,  2^  feet  wide,  of 
fine-grained  altered  diabase. 

The  precise  value  of  the  gems  and  museum  specimens  taken  from 
this  locality  can  not  be  determined,  but  so  far  as  known  to  the 
writer,  no  gems  of  over  6  or  8  carats  have  been  obtained.  Mr. 
Pulsifer  estimates  the  value  of  the  materials  taken  from  the  pit 
operated  by  him  at  about  $2,000. 

MINOT. 

In  the  southeastern  part  of  the  town  of  Minot,  near  the  Auburn 
line,  some  pegmatite  which  appears  to  be  of  commercial  grade  occurs 
on  the  farm  of  Edward  Hackett,  where  masses  of  practically  pure 
feldspar,  2^  to  3  feet  across,  are  associated  with  masses  of  pure  quartz 
of  similar  dimensions.  Almost  no  biotite,  garnet,  or  black  tourmaline 
was  seen.  The  pegmatite  seems  to  underlie  a  mass  of  finely  pegmatitic 
granite.  There  is  no  doubt  of  its  commercial  quality,  but  as  the 
present  outcrops  cover  an  area  only  about  100  feet  or  so  square,  it 
is  uncertain  whether  the  quantity  would  warrant  mining.  The 
locality  is,  however,  worth  prospecting. 

POLAND. 

A  quarry  located  just  across  Androscoggin  River  from  Mount 
Apatite,  about  3  miles  from  Littlefield  station,  on  the  Lewiston 
branch  of  the  Grand  Trunk  Railway,  in  the  town  of  Poland,  is 
operated  for  feldspar  and  occasional  gem  minerals  by  A.  R.  Berry, 
R.  D.  No.  7,  Auburn,  Maine. 

The  quarry  was  opened  in  1900  and  has  been  worked  intermittently 
on  a  small  scale  ever  since.  It  was  visited  by  the  writer  in  August, 
1906.  The  openings,  which  are  very  irregular  and  cover  an  area 
of  about  2  acres,  are  shallow  open  pits,  none  of  them  more  than  18 
or  20  feet  in  maximum  depth. 

The  general  character  of  the  pegmatite  is  similar  to  that  at  the 
Maine  Feldspar  Company's  quarries  at  Mount  Apatite.  The  rock 
is  mainly  a  graphic  intergrowth  of  quartz  with  buff-colored  microcline 
and  some  orthoclase.  Some  albite  in  irregular  crystals  a  few  inches 
across  is  encountered. 

Muscovite  occurs,  as  at  the  Wade  and  Pulsifer  quarries,  in  brush- 
like and  rosette-like   intergrowths   with   quartz.    No   plate   mica 
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occurs,  and  no  attempt  has  been  made  to  market  the  material  as 
scrap  mica. 

Biotite  is  locally  very  abundant,  occurring  as  irregulariy  disposed 
blades  or  bundle-like  masses  in  which  thin  layers  of  feldspar  or 
quartz  occur  between  the  blades.  Such  biotitic  bundles  occur  in 
association  with  the  coarser  phases  of  the  pegmatite,  and  render 
valueless  for  pottery  purposes  much  feldspar  which  could  otherwise 
be  used. 

The  lithium  mica,  lepidolite,  occurs  in  the  pockets  and  near  them 
in  the  usual  forms,  similar  to  those  described  from  the  Wade  and 
Pulsifer  quarries.     (See  pp.  57-58.) 

Black  tourmaline  is  abundant  in  certain  parts  of  the  pegmatite, 
usually  in  intergrowth  with  quartz,  one  mass  of  intergrown  quartz 
and  black  tourmaline  being  10  to  12  inches  across.  One  black 
tourmaline  crystal  observed  was  5  by  12  inches  in  size.  In  the  pockets 
no  black  tourmaline  is  found,  but  some  emerald-green,  blue-green, 
and  pink  transparent  varieties  occur,  usually  embedded  in  a  mass  of 
kaolin,  cookeite,  etc.,  at  the  bottoms  of  the  pockets.  The  lai^est 
colored  tourmaline  obtained  at  this  quarry  was  a  pale-green  crystal 
about  li  inches  in  diameter.  Only  an  inch  of  the  base  was  found 
and  it  was  too  much  flawed  to  cut  any  gems.  Many  of  the  smaller, 
colored  tourmalines  are  hollow  and  can  be  strung  like  beads.**  Slender 
flattened  prisms  of  opaque  to  transparent  green  tourmaline  occur, 
penetrating  and  interleaved  with  muscovite  plates. 

A  few  fine  cr\'stals  of  purple  apatite  similar  to  those  found  at  the 
Wade  and  Pulsifer  quarries  have  been  obtained  from  some  pockets. 
In  some  of  the  finer-grained  portions  of  the  pegmatite  the  writer 
observed  numerous  small  vugs,  rarely  more  than  a  cubic  centimeter 
or  two  in  volume.  Those  were  generally  surrounded  by  albite  in 
small  bladelike  crystals.  Attached  to  or  embedded  in  the  albite  at 
their  base  or  along  their  flanks,  but  otherwise  free,  occur  hexagonal 
prisms,  from  one-sixteenth  to  one-fourth  inch  in  diameter,  of  pale 
greenish  blue  to  pale  lavender  apatite.  These  plainly  were  among 
the  last  of  the  pegmatite  constituents  to  crystallize,  being  in  part  con- 
temporaneous with  the  albite  and  in  part  later.  Blue-gray  apatite 
in  flat,  bladelike  prisms  one-fourth  to  one-half  inch  across  also 
occurs.  Beryl  and  amblygonite  occur  as  constituents  of  the  solid 
pegmatite,  as  in  most  of  the  pegmatites  bearing  gem  tourmaline. 
Herderite  in  crystals  up  to  one-half  inch  in  length  is  found  in  some 
pockets. 

The  distribution  of  pockets  at  this  quarry  is  very  irregular,  and  the 
writer  saw  no  structures  which  indicated  even  in  a  general  yvhj 
the  attitude  of  the  deposit.     There  is  unquestionably  a  considerable 


ain  the  summer  of  1910,  since  the  above  account  was  written,  several  pockets  containing  fine  gem 
tourmalines  were  discovered  by  Mr.  F.  S.  Havey  In  the  western  part  of  the  quarry  near  a  diabase  dlks. 
Mr.  Havey  wtt  working  the  quarry  for  feldtpor  for  the  Maine  Feldspar  Company. 
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amount  of.  commercial  feldspar  of  pottery  grade  still  available  at  the 
locality. 

The  feldspar  is  excavated  by  hand  drilling  and  blasting,  and  after 
hand  sorting  is  hauled  by  wagons  3  miles  to  Littlefield  station;  where 
it  is  sold  to  the  Maine  Feldspar  Company  and  ground  at  that  com- 
pany's mill.  Gem  tourmalines  and  minerals  of  value  as  cabinet 
specimens  are  not  encountered  so  frequently  that  it  is  profitable  to 
work  the  deposit  for  them  alone.  In  1906  the  quarry  force  con- 
sisted of  three  men.  The  gems  and  other  valuable  minerals  obtained 
are  marketed  irregularly  through  local  collectors,  and  no  estimate 
of  their  value  is  obtainable.  The  feldspar  output  is  a  few  hundred 
tons  a  year. 

CXTMBEBIiAND  COUNTY. 
BRUNSWICK. 

The  relations  between  the  granite  and  pegmatite  in  the  town  of 
Brunswick  is  well  shown  at  the  Woodside  quarry,  about  2i  miles 
southeast. of  Hillside  station.  This  is  an  old  quarry,  where  granite 
for  flaggim;  and  underpinning  has  been  obtained.  The  sheeting  of 
the  granite  here  is  very  perfect  and  nearly  horizontal. 

On  the  south  wall  of  this  quarry  much  pegmatite  is  associated  with 
the  granite.  Many  of  the  pegmatite  masses  of  lenticular  or  ex- 
tremely irregular  form  grade  into  the  granite  in  the  most  gradual  and 
complete  manner  and  are  characterized  by  identical  minerals.  They 
differ  from  the  granite  only  in  texture,  and  there  can  be  no  question 
that  the  two  rocks  solidified  practically  contemporaneously  from  the 
same  magma.  Other  pegmatite  dikes,  however,  distinctly  cut  the 
granite  with  sharp  contacts.  The  entire  mineralogic  similarity  of 
this  second  type  to  the  pegmatite  which  grades  into  the  granite  leads 
to  the  belief  that  the  two  types  are  genetically  connected  and  that  the 
intrusion  of  the  pegmatite  masses  that  show  sliaq)  boundaries  fol- 
lowed quickly  on  the  solidification  of  the  granite  which  they  cut. 

Very  similar  relations  were  observed  at  the  Grant  quarry,  about 
1  i  miles  east  of  Hillside  and  3  miles  west  of  Bnmswick.  This  quarry 
has  been  described  by  Dale.* 

The  relations  between  the  pegmatite  and  foliated  rocks,  which  are 
probably  of  igneous  origin,  is  well  exhibited  in  Bi-unswick  village  at  a 
quarry  for  road  materials  near  the  Lewiston  branch  of  the  Maine 
Central  Railroad.  The  folia  in  the  rocks  are  in  many  places  very 
straight  and  regular  for  considerable  distances.  Much  of  the  rock 
is  a  light-gray  schist  which  has  the  mineral  composition  of  a  horn- 
blende granite. 

The  slide  of  this  rock  examined  shows  an  interlocking  granular 
texture  in  which  most  of  the  grains  range  from  0.15  to  0.60  milli- 

flDttlfl,  T.  N.,  The  graottes  of  Maine:  Bull.  V.  S.  Geol.  Survey  No.  313, 1907,  p.  76. 
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meter.  It  is  composed  of  about  two-fifths  quartz,  two-fifths  feld- 
spar, and  one-fifth  hornblende,  with  subordinate  titanite  and  biotite. 
Some  of  the  hornblende  crystals  are  1 .2  millimeters  in  length.  Their 
tendency  to  parallel  elongation  and  to  greater  abundance  in  some 
layers  than  in  others  gives  the  rock  its  schistose  character.  Biotite 
is  also  most  abundant  in  the  layers  that  are  most  homblendic.  The 
feldspar  is  principally  orthoclaso  with  a  little  microcline  and  plagio- 
clase  near  andesine.  Many  of  the  quartz  grains  show  strain  shadows, 
but  there  is  no  other  evidence  of  dynamic  action. 

Alternating  with  this  rock  are  bands  of  very  dark  gray  to  nearly 
black  homblende-biotite  schist  with  lustrous  cleavage  faces.  An 
intermediate  phase  is  a  dark-gray  hornl)Iende  schist  with  a  few  narrow 
quartz  bands  up  to  about  one-eighth  inch  across. 

ITnder  the  microscope  this  rock  is  seen  to  consist  of  quartz,  plagio- 
clase,  and  hornblende.  The  plagioclase  is  andesine  and  is  about 
equal  to  hornblende  in  abundance.  Quartz  is  slightly  less  abundant 
than  either.  Titanite  is  subordinate.  Occasional  narrow  bands  are 
more  coarsely  crystalline  and  are  largely  quartz,  with  some  feldspar. 
Their  grains  interlock  intimately  with  those  of  the  finer  portions  of 
the  rock.  The  schistositv,  as  in  the  more  acidic  bands,  is  due  to  the 
concentration  of  hornblende  along  certain  ])lanes  and  of  quartz  along 
certain  others  and  to  parallel  elongation  of  many  of  the  hornblende 
crystals. 

If  those  schists  represent  original  sediments  their  recrystallization 
has  been  so  complete  as  to  ol)literatc  all  traces  of  such  an  origin. 
The  abundance  of  feldspar,  on  the  other  hand,  es])ecially  in  the  more 
basic  bands,  renders  it  much  more  ])robable  that  they  are  primary 
or  flow  schists. 

The  pegmatite  in  some  cases  is  in  sliarp  contact  with  the  gneiss,  and 
the  contacts  may  parallel  or  cut  across  the  foliation.  In  other  cases 
the  pegmatite  seems  to  grade  into  tlie  gneiss  with  such  completeness 
as  to  indicate  either  that  portions  of  the  gneiss  were  not  yet  com- 
pletely solidified  when  the  pegmatite  was  intruded  or  that  the  peg- 
matite produced  locally  very  complete  recrystallization  in  the  schist. 
Tiie  pegmatite  is  a  typical  biotite  pegmatite  showing  much  graphic 
granite  and  a  few  crystals  of  pure  feldsi)ar  4  or  5  inches  across. 

WESTBROOK. 

A  quartz  deposit  which  was  worked  to  a  small  extent  many  years 
airo  is  located  about  1  mile  northwest  of  the  village  of  Cumberland 
Mills.  The  quartz  forms  part  of  a  pegmatite  dike  intruding  mica 
schist  and  granodiorite.  The  width  of  the  dike  varies  from  2  to 
10  feet,  and  its  trend  is  nearly  north  and  south.  Most  of  the  mass 
is  typical  granite-pegmatite  of  moderate  coarseness,  but  with  this 
is  associated  a  body  of  nearly  pure  white  quaitz,  which  in  places 
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seems  intrusive  in  the  pegmatite,  though  elsewhere  passing  gradually 
into  it.  The  quartz  quarried  was  taken  to  Portland  and  there  ground 
for  use  in  pottery  and  filters. 

HANCOCK  COUNTY. 

Pegmatite  is  present  only  in  relatively  minor  amounts  in  association 
with  the  granites  of  Hancock  County.  The  occurrence  of  molybdenite 
with  pegmatite  at  Catherine  Hill,  near  Timk  Pond,  has  been  described 
by  Emmons." 

LINCOLN  COUNTY. 
ElKJECOMH. 

The  rocks  of  the  town  of  Edgocomb  arc  mainly  (luartz-iiiica  schists 
of  sedimentary  origin  which  have  boon  intruded  by  ])cgniat  itc,  granite, 
and  minor  amounts  of  granite  gneiss.  The  pegmatites  have  been 
exploited  for  feldspar  at  one  locality  near  the  center  of  the  town. 

Edgecomb  feldspar  quarry. — A  feldspar  quariy,  long  since  aban- 
doned, is  situated  2 A  miles  south  of  the  village  of  Newcastle  and 
about  one-half  mile  south  of  the  road  extending  from  North  P^dge- 
comb  to  Briar  Cove,  on  Damariscotta  River.  It  is  within  the  Booth- 
bay  quadrangle  of  the  United  States  (leological  Survey. 

The  locality  was  visited  by  the  writer  in  August,  HKH).  The 
excavations  consist  of  two  open  pits,  one  150  feet  long  and  50  feet 
wide,  filled  with  water  at  the  tune  of  the  writer\s  visit;  the  other 
50  feet  long,  25  feet  wide,  and  15  feet  deej).  The  soil  overburden  is 
slight.  The  pegmatite  resembles  in  its  mineral  character  that  quar- 
ried at  Topsham,  in  Sagadahoc  County,  but  contains  less  felds])ar  of 
commercial  grade. 

The  quartz  is  not  abundant  enough  to  be  of  conuneirial  ini])()rtance. 
The  largest  masses  observed  are  between  the  two  pits  and  are  3  feet 
across.     The  color  varies  from  white  to  dark  gray. 

The  feldspar  is  buff  to  cream-colored  orthoclase  and  nii(  rocline, 
occurring  principally  in  graphic  intergrowth  with  (juartz.  At  the 
northwest  end  of  the  larger  pit  some  niass(»s  of  nearly  puie  fel(lsj)ar 
are  3  feet  across,  but  such  size  is  quite  exceptional. 

Biotite  in  the  usual  lath-shaped  crystals,  in  ])la(es  attaining  a 
length  of  3  feet,  Ls  very  abundant  and  is  the  nicest  injurious  of  the 
mineral  constituents,  black  tourmaline  being  wholly  absent  so  far 
as  observed. 

Pink  opaque  garnets  occur  locally  but  are  not  abundant.  Many  of 
tliem  are  inclosed  by  muscovite. 

As  far  as  could  be  observed,  very  little  feldspar  of  a  quality  suitable 
for  the  pottery  trade  remains  at  this  locality,  the  prevalence  of 

•  Emmons,  W.  H.,  Ore  deposit! of  ICaine  and  the  Milan  mine,  Now  nuiiii>shirc:  lUill.  V .  s.  (ieol.  Survey 
No.  432, 1910,  p.  «L 
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biotite  rendering  most  of  the  material  worthless  for  that  purpose. 
The  water  in  the  larger  pit  of  course  prevented  its  thorough  exami- 
nation. An  examination  of  the  vicinity  yielded  no  information  as 
to  the  trend  or  extent  of  the  deposit;  and  showed  no  other  masses  of 
commercially  valuable  feldspar.  No  gem  minerals  have  been 
reported,  and  there  are  no  indications,  such  as  the  occurrence  of 
pockets,  lepidolite,  black  tourmaline,  etc.,  that  any  are  likely  to  be 
found.  Under  present  commercial  conditions,  the  deposit  may  be 
regarded  as  worked  out.  It  may  in  the  future  be  of  value  if  some 
commercially  practical  method  of  separating  the  mica  can  be  devised, 
or  it  may  be  used  for  purposes  where  the  presence  of  black  mica 
(biotite)  is  not  detrimental,  such  as  for  fertilizing,  poultry  grit,  ready 
roofing,  etc. 

Geologic  relations. — ^About  half  a  mile  north  of  the  Edgecomb 
feldspar  quarry,  on  the  north  side  of  the  road,  the  predominant 
rock  is  a  medium-grained  granite  of  slightly  varying  texture,  which 
along  certain  bands  and  in  some  irregular  patches  is  p^matitic. 
The  constituents  of  the  granite  are  identical  with  those  of  the  peg- 
matite and  there  can  be  no  question  that  the  two  rocks  solidified 
from  the  same  parent  magma  at  about  the  same  time.  Muscovite 
is  almost  entirely  absent  from  this  granite,  as  it  is  from  the  pegmatite 
of  the  above-described  feldspar  quarry,  biotite  being  the  dominant 
mica.  West  of  these  granite  outcrops  extensive  ledges  of  pegmatite 
intrude  (juartz-mica  schists  in  a  very  irregular  manner,  at  many  places 
cutting  sharply  across  their  foliation. 

Typical  stnictural  relations  between  the  pegmatite  and  the  schists 
are  well  shown  along  the  north  shore  of  the  narrow  gurnet  known 
as  the  Oven  Mouth.  Here  the  schists  are  traversed  by  numerous 
small  pegmatite  intrusions,  most  of  which  are  parallel  to  the  schist 
folia  or  cut  them  at  low  angles  only. 

The  smaller  pegmatite  intnisions  commonly  assume  the  form  of 
a  series  of  connecting  leiiticles  or  show  periodic  swellings  along 
their  lengths.  The  schists  are  dark  gray  to  purplish  and  show  quartz, 
biotite,  and  hornblende  as  their  dominant  constituents,  with  mus- 
covite  and  ganiet  as  accessories.  Feldspar  was  not  observed  and  if 
present  at  all  is  very  meager  in  amount.  The  schists  are  almost 
certainly  of  sedimentary  origin. 

BOOTHBAY    HARBOR. 

Character  and  relations  of  tJie  pegmatite. — The  rocks  of  the  town  of 
Boothbay  Harbor  are  largely  quartz-mica  schists  wliich  are  intruded 
and  in  many  places  intimately  injected  ])y  granite  and  pegmatite. 
Two  occurrences  of  the  very  unusual  rock  prowersose  were  also 
observed.  Very  excellent  and  instnictive  exposures  occur  along  the 
irregular  shore  line  of  this  region,  and  although  none  of  the  peg- 
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matites  have  proved  commercially  valuable  their  geolog^  relations 
at  a  number  of  points  are  of  much  scientific  interest. 

Excellent  exposures  on  the  first  point  west  of  Boothbay  Harbor 
village  show  the  intrusive  pegmatite  and  the  intruded  quartz-biotite 
schists  locaUy  very  much  contorted,  much  as  if  the  two  had  been 
stirred  up  together  with  a  gigantic  spoon.  In  most  places,  however, 
the  schist  is  of  fairly  uniform  trend  over  considerable  areas.  Other 
exposures  just  west  of  these  show  a  number  of  schist  fragments 
inclosed  by  the  pegmatite.  The  fragments  are  subangular,  but  at 
their  extremities  tail  out  somewhat  into  the  pegmatite.  The  frag- 
ments as  a  whole  appear  therefore  to  have  maintained  their  rigidity 
but  to  have  yielded  somewhat  about  their  borders  to  the  deforming 
action  of  the  intrusive  pegmatite. 

On  the  shore  of  McKown  Point  about  one-fourth  mile  south  of 
the  United  States  fish  hatcheries,  pegmatite  and  granite  are  intrusive 
into  quartz-mica  schists.  The  contact  between  the.  schist  and  the 
igneous  rocks  is  sharp,  neither  rock  showing  any  notable  changes  in 
grain  or  texture  as  the  contact  is  approached.  The  transition  from 
p^;matite  to  granite  is  also  abrupt,  although  crystallographic  con- 
tinuity is  preserved.  It  is  impossible  to  say  which  is  the  intruded 
and  which  the  intrusive  rock,  and  their  association  is  extremely 
irregular.  The  granite  shows  distinct  flow  Unes  parallel  in  a  general 
way  to  the  schist  walls  and  particularly  well  developed  next  the 
p^matite.  The  latter  also  shows  a  tendency  toward  the  develop- 
ment of  faint  flow  lines  next  the  granite,  these  being  defined  by  a 
concentration  of  biotite  plates  along  certaiQ  planes. 

The  granite  gneiss  is  dark  buff  to  gray  and  shows  a  rather  faint 
foliation  due  to  the  aggregation  of  the  biotite  along  certain  planes 
or  lenses  few  of  which  are  continuous  for  more  than  one-half  or 
three-fourths  of  an  inch.  The  interspaces  are  largely  quartz  and 
feldspar.  Under  the  microscope  the  mineral  constituents  in  order 
of  abundance  are  seen  to  be  quartz  >  orthoclase  and  microcline  >  or 
«oligoclase>  biotite  >muscovite.  Orthoclase  is  greatly  in  excess 
of  microcline  and  occurs  in  larger  grains.  The  average  size  of  grain 
is  about  1  millimeter,  though  a  few  feldspars  are  2  millimeters  across. 
The  rock  is  very  fresh,  though  some  of  the  feldspars  show  a  slight 
clouding  with  decomposition  products.  No  parallel  structure  is 
observable  under  the  microscope.  There  is  complete  interlocking  of 
the  grains,  which  show  no  important  amount  of  fracturing,  no 
crushed  borders,  nor  any  other  evidence  of  dynamic  action.  The 
foliation  appears  to  be  an  original  feature  developed  by  flowage 
before  complete  soUdification. 

The  pegmatite  associated  with  the  gneiss  shows  Hght-gray  quartz 
and  gray  to  buff  feldspars  in  nearly  equal  amoimts,  with  biotite  the 
«3096*»— BuU.  445-11 6 
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dominant  mica,  as  in  the  gneissic  granite.  The  texture  is  wholly 
irregular  and  typically  p^matitic  because  of  the  great  range  in  size 
exhibited  by  crystal  grains  of  the  same  mineral  species.  Quartz 
is  the  most  abundant  mineral  with  inicrocUne>oligoclase>biotite 
>or=orthoclase>muscovite.  The  rock  differs  from  the  associate 
gneissic  granite  mainly  in  its  texture  and  in  the  fact  that  microcUne 
dominates  over  orthoclase  instead  of  bearing  the  reverse  relation  to  it. 

The  close  association  of  the  granite  and  pegmatite  and  the  fact 
that  the  same  minerals  are  present  in  the  same  order  of  abundance 
in  both  rocks  is  highly  suggestive  of  a  genetic  connection  between  the 
two. 

At  a  point  on  the  east  shore  of  Boothbay  Harbor  the  fine-grained 
pegmatite  was  observed  to  be  traversed  by  a  vein  of  white  quartz 
2  to  3  inches  in  width.  The  borders  of  this  vein  are  not  sharp; 
feldspar  crystals  of  the  bordering  pegmatite  project  into  it,  and  in 
some  instances  their  inner  borders  (next  the  quartz)  show  well- 
developed  crystal  faces.  Isolated  crystals  of  feldspar  up  to  3  inches 
in  length  also  occur,  apparently  wholly  surrounded  by  the  quartz  of 
the  vein.  The  feldspathic  character  of  tliis  vein  and  the  absence  of 
a  sharp  or  straight  boundary  between  it  and  the  pegmatite  indicate 
that  it  was  not  deposited  as  a  fissure  fiUing  along  a  fracture  plane  trav- 
ersing solid  pegmatite,  but  rather  that  it  was  genetically  a  part  of  the 
pegmatite  magma  and  was  formed  before  the  complete  soUdification 
of  its  host.  Apparently  it  represents  an  end  product  of  the  pegmatite 
crystallization.  The  sheetlike  form  of  the  vein  indicates  presumably 
that  the  pegmatite  was  sufficiently  rigid  to  permit  the  formation  of 
a  rift  of  some  sort  along  which  the  more  quartzose  magma  could 
penetrate,  but  that  coarsely  interlocking  crystallization  between 
vein  and  wall  was  still  possible.  Similar  relationships  have  been 
observed  by  the  writer  on  a  larger  scale  in  some  of  the  feldspar  quar- 
ries of  Connecticut.  (See  PI.  XVI,  jB,  p.  18.)  They  are  of  impor- 
tance as  showing  without  much  question  that  many  at  least  of  the 
quartz  veins  associated  with  the  pegmatitos  may  be  regarded  as  an 
end  product  of  the  crystaUization  of  the  pegmatite  magma. 

Southward  along  the  east  shore  of  Boothbay  Harbor  to  Spruce 
Point  abundant  dikes  of  pegmatite  are  found  traversing  the  schists; 
they  vary  from  one-fourth  to  one-half  an  inch  to  10  feet  or  even  50 
feet  across.  Nearly  all  of  the  dikes  and  particularly  the  smaller 
ones  assume  the  form  of  a  succession  of  conneetuig  lenses,  indicating 
a  very  uneven  penetration  of  the  pegmatite  magma  b(*tween  the 
schist  foUa.  The  schists  usually  exhibit  a  thickening  of  their  laminae 
opposite  the  ''nodes'*  of  these  irregularly  bulging  dikes,  indicating  a 
crystallographic  rearrangement  of  the  schist  constituents  as  an 
accompaniment  of  the  pegmatite  intrusion. 
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It  is  significant  that  numerous  dikes  of  granite  also  exposed  along 
this  shore  never  exhibit  such  irregular  swelling  and  thinning,  but  are 
nearly  parallel-waUed  even  where  intruded  parallel  to  the  foUation 
of  the  bordering  schists. 

On  the  point  due  north  of  Cabbage  Island  the  rocks  are  almost 
entirely  granite  and  pegmatite  associated  in  a  very  irregular  manner. 
The  pegmatite  forms  dikes  of  varying  width  and  irregular  boundaries 
in  the  granite  and  also  forms  narrow  stringers  and  wholly  irregular 
patches.  In  general  the  change  from  one  rock  to  the  other  is  rather 
abrupt,  although  characterized  by  complete  crystallographic  conti- 
nuity. In  the  places  where  the  association  is  most  intimate  and 
irregular  it  is  difficult  to  see  how  the  granite  could  have  been  wholly 
solidified  at  the  time  of  the  pegmatite  crystalUzation. 

The  granite  is  gray  to  pinkish,  with  a  faint  local  foliation.  The 
average  size  of  grains  is  about  one-half  to  three-fourths  of  a  millimeter. 
The  texture  is  typically  granitic  with  quartz  >orthoclase  and  micro- 
cline  >  oligoclase  >  biotite  >  muscovite.  The  quartz  shows  undulatory 
extinctions.  Some  of  the  smaller  quartz  crystals  are  inclosed  by 
orthoclase  or  ohgoclase  and  show  rounded  outlines.  Some  of  the 
quartz  also  crystallized  earUer  than  or  contemporaneously  with  the 
biotite  crystallization.  The  bulk  of  the  quartz,  characterized  by 
more  irregular  outlines  and  larger  grains,  is  a  later  crystallization 
than  the  biotite  and  appears  to  be  about  contemporaneous  with  the 
feldspars.  Among  the  feldspars  orthoclase  is  present  v in  greater 
abundance  and  larger  grains  than  microcline.  Oligoclase  is  almost 
equal  to  the  potash  feldspar  in  abundance.  Many  of  the  feldspar 
crystals  inclose  small  crystals  of  muscovite,  which  are  apparently 
original.  Some  micrographic  intergrowths  of  feldspar  and  quartz 
occur. 

The  pegmatite  is  characterized  by  the  same  minerals  as  the  granite. 
Quartz  is  the  dominant  constituent,  with  orthoclase  and  microcline 
second  and  ohgoclase  third.  Biotite  dominates  over  muscovite,  but 
is  less  abundant  than  in  the  granite.  The  quartz  exhibits  little  or 
no  undulatory  extinction.  Some  of  the  grains  exliibit  crystal  out- 
lines on  certain  sides,  but  the  outlines  of  others  are  very  irregular. 
The  feldspars  exhibit  only  slight  decomposition. 

It  is  notable  that  both  rocks  carry  the  same  minerals  in  the  same 
order  of  abundance. 

In  general  the  pegmatite  characteristic  of  the  Boothbay  Harbor 
region  shows  considerable  uniformity  in  mineralogical  make-up. 
Characteristically  it  shows  irregular  crystals  of  orthoclase-microcline, 
ranging  in  diameter  up  to  6  inches,  surrounded  by  a  le^s  coarsely 
crystalline  association  of  potash  feldspar,  white  to  gray  or  amber- 
colored  quartz  in  masses  sometimes  several  inches  across,  small 
amounts  of  nearlv  white  plagioclase,   and  vaiying  proportions  of 
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muscovite  and  biotite  in  crystals  seldom  over  an  inch  across,  usually 
more  or  less  aggregated  in  bunches.  Red  garnets  are  present  in 
varying  but  small  numbers  and  are  rarely  over  one-fourth  inch  in 
diameter.  Small  amounts  of  a  white  sugary  matrix  are  not  uncom- 
mon and  consist  largely  of  a  fine  graphic  intergrowth  of  quartz  and 
feldspar. 

Schist  asaodaied  with  pegmatites. — ^A  specimen  of  schist  collected 
along  the  shore  near  the  United  States  fish  hatcheries  on  McKown 
Point  illustrates  the  indeterminate  character  of  some  of  the  foUates 
associated  with  the  pegmatite.  The  rock  is  dark-gray,  millimeter 
grained,  with  a  fairly  perfect  foUation  due  mainly  to  parallel  orienta- 
tion of  the  mineral  grains  but  accentuated  by  quartz  laminsB  1  to  2 
millimeters  across. 

Under  the  microscope  the  texture  is  seen  to  be  interlocking 
granular,  the  constituents  being  quartz  >  hornblende  >  labradorite, 
with  biotite,  titanite,  calcite,  and  apatite  subordinate.  Mineral- 
ogically  the  rock  is  therefore  a  quartz-rich  diorite.  Many  of  the 
quartzes  extinguish  abruptly,  though  some  show  sUght  undulatory 
extinction.  The  green  hornblende  grains  are  very  irregular,  but 
show  a  tendency  towards  elongation  in  a  parallel  direction.  This 
elongate  character,  together  with  the  tendency  toward  aggregation 
of  the  quartz  grains  along  certain  lines,  produces  the  foliated  struc- 
ture. Titanite  is  very  abundant  in  irregular  grains  and  also  in  ' 
grains  sho\^4ng  elongate  rhombic  outlines.  The  hornblende  shows 
no  alteration  whatever.  The  feldspar  is  in  part  perfectly  fresh  but 
some  of  the  grains  show  saussuritization. 

Calcite,  which  is  present  in  moderate  amounts,  is  in  contact  with 
quartz,  titanite,  or  unaltered  feldspar  or  hornblende,  the  contacts 
being  as  sharp  as  between  any  others  of  the  rock  constituents.  Its 
abundance  is  scarcely  explainable  by  the  ver)^  slight  alteration 
characteristic  of  most  of  the  rock,  and  it  is  necessary  to  assume 
either  that  it  completely  replaced  certain  grains  or  portions  of  grains 
of  other  minerals,  without  any  of  the  mottling  and  irregular  pene- 
tration usually  characteristic  of  such  replacement,  or  else  to  assume 
that  it  crystallized  at  the  same  period  as  the  quartz,  feldspar,  horn- 
blende, etc.,  with  which  it  is  in  contact.  Such  an  association  could 
readily  be  explained  as  the  result  of  contact  or  regional  metamorphism 
of  a  slightly  calcareous  arkose.  The  texture  and  mineral  composi- 
tion and  even  the  presence  of  calcite  is  not,  however,  incompatible 
with  an  igneous  rather  than  a  metamorphic-sedimentary  origin. 

We  are  accustomed  to  reason  by  analogy  from  the  phenomenon 
of  calcining  observed  when  carbonates  are  heated  under  ordinary 
surface  conditions  to  the  postulate  that  carbonates,  if  they  existed 
in  igneous  rocks,  would  undergo  the  same  changes,  and  thence  to 
conclude  that  carbonates  can  not  exist  as  such  in  igneous  rocks. 
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The  reasoning  is  obviously  weak^  because  in  the  one  case  the  con- 
ditions are  those  of  low  pressure  and  ready  escape  of  gases,  whereas 
in  the  case  of  a  magma  cooling  to  form  a  granular  rock  of  moderate 
coarseness  they  are  probably  those  of  relatively  high  pressure  and 
much  greater  ability  to  retain  components  which  under  surface 
conditions  would  be  freed  in  a  gaseous  form.  The  microscopic 
evidence  of  the  original  character  of  the  carbonate  in  this  case  is 
regarded  as  suggestive  rather  than  conclusive,  but  there  appears  to 
be  no  a  priori  reason  why  it  should  not  be  original. 

The  schist  described  Ues  between  two  intrusions  of  pegmatite, 
one  5  to  6  feet  wide  and  the  other  4  to  5  feet.  The  field  and  micro- 
scopic evidence  is  insufficient  to  determine  whether  it  is  igneous  or 
metamorphic-sedimentary  in  origin,  and  because  of  the  abundance  of 
plagioclase  it  is  doubtful  whether  a  chemical  analysis  would  furnish 
conclusive  evidence. 

Schists  of  the  Boothbay  Harbor  region  which  she  believes  to  be 
of  metamorphic-sedimentary  origin  have  been  described  and  analyses 
given  by  Dr.  Ida  H.  Ogilvie.* 

Syenite  porphyry. — In  1906  the  writer  described*  a  rock  of  peculiar 
appearance  and  unusual  composition  from  the  town  of  Appleton  in 
Knox  County.  The  rock  is  a  porphyry  showing  blue-gray  pheno- 
crysts  of  potash  feldspar  up  to  IJ  inches  in  length  in  a  dark-green 
groundmass  composed  mainly  of  biotite  and  hornblende  with  minor 
amounts  of  titanite,  apatite,  quartz,  magnetite,  and  albite.  Chemi- 
cally it  is  unusual  because  of  the  great  dominance  of  potash  over 
soda  in  a  rock  so  femic  and  so  high  in  lime. 

Rocks  which  in  the  field  are  indistinguishable  from  prowersose 
from  the  Appleton  locality  and  which  on  chemical  analysis  fall  in 
very  closely  related  divisions  of  the  quantitative  system  of  rock 
classification,  from  several  locaUties  in  the  Boothbay  Harbor  region, 
have  been  described  by  Dr.  Ida  H.  Ogilvie.*' 

A  number  of  Dr.  Ogilvie's  locaUties  were  visited  by  the  writer 
before  he  became  familiar  with  her  published  .  descriptions.  A 
locality  not  specifically  mentioned  by  her  is  the  shore  of  Linekin 
Bay,  southeast  of  Mount  Pisgah.  At  this  locality  and  on  Spruce 
Point  the  syenite  is  intruded  by  dikes  of  pegmatite  and  of  fine- 
grained granite.  Many  central  portions  of  the  syenite  intrusions 
show  Uttle  or  no  foliation  and  a  very  heterogeneous  orientation  of 
the  phenocrysts,  but  in  the  narrower  masses  or  near  the  borders 
of  the  larger  masses  foUation  is  well  developed,  and  is  found  to  be 
due  to  crushing  and  shearing  movements,  probably  accompanying 

a  OgilTte,  I.  H.,  A  oontributlon  to  the  geology  of  southern  Maine:  Ann.  New  York  Acad.  Sci.,  vol.  17, 
pt.  2. 1907,  pp.  626n627. 

^BastlD,  E.  S.,  Some  unusual  rocks  from  Maine:  Jour.  Geology,  vol.  14, 190f>.  pp.  173-lHO. 

eOgUTto,  I.  H.,  A  contribution  to  the  geology  of  southern  Maine:  Ann.  New  York  Acad.  Sci.,  vol.  17. 
pt.  2, 1907,  pp.  536-641. 
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dynamic  metamorphism.  On  Spruce  Point  many  of  the  feldspar 
phenocrysts  are  nearly  black  on  account  of  the  abundance  of  minute 
inclusions. 

OXFORD  COUNTY. 
ALBANY. 

The  rocks  of  most  of  the  town  of  Albany  are  quartz-mica  schists 
of  probable  sedimentary  origin  which  have  been  intensely  injected  by 
pegmatite  and  intruded  by  dikes  of  fine-grained  granite.  In  all 
observed  places  where  the  granite  and  pegmatite  were  associated^  the 
former  was  the  older  rock.  Along  the  road  running  nearly  parallel  to 
Crooked  River,  near  the  center  of  the  town,  diorite  or  quartz  diabase 
is  of  abundant  occurrence  and  is  intruded  by  dikes  of  fine  diabase, 
fine-grained  granite  containing  few  dark-colored  minerals,  and  peg- 
matite. In  the  northwestern  part  of  the  town  a  gray  granite  gneiss 
forms  the  country  rock  over  large  areas. 

French  Mountain  heryl  locality. — In  the  eastern  part  of  the  town 
of  Albany  a  pegmatite  mass  very  rich  in  quartz  has  yielded  some 
beryls  of  fine  gem  quaHty.  The  locality  is  in  the  woods  in  a  sag 
between  two  knobs  of  the  hill  crest  and  is  difficult  to  discover  without 
a  guide.  Only  a  few  blasts  have  been  made  in  the  ledge.  Much  of 
the  quartz  is  very  clear  and  some  is  of  a  fine  rose  tint.  The  locahty 
is  of  interest  to  the  mineral  collector  but  is  not  of  commercial 
importance. 

Bennett  mica  prosy ect, — ^A  small  mass  of  pegmatite  which  has  been 
prospected  for  mica  by  W.  S.  Robinson  is  situated  in  the  western  part 
of  the  town  of  Albany  on  the  farm  of  F.  H.  Bennett,  about  5  miles  west 
of  Hunt  Corners.  The  pegmatite  dike  has  an  exposed  thickness  of  10 
feet  and  is  intrusive  in  granite  gneiss  similar  to  that  occurring  farther 
west.  The  pegmatite  is  a  coarse  association  of  quartz,  muscovite, 
orthoclase,  and  black  tourmaline.  The  muscovite  occurs  in  graphic 
intergrowth  with  quartz  and  also  in  ^* books"  up  to  6  inches  across, 
though  mostly  under  3  inches.  Xearl}^  all  is  of  the  wedge  variety 
and  shows  twinning.  Feldspar  is  too  intimately  mixed  with  black 
tourmaline  to  be  of  any  value.  Neither  the  quantity  nor  the  quaUty 
of  the  materials  here  seem  to  warrant  further  development. 

Pingree  mica  prospect. — Another  pegmatite  mass,  situated  on  the 
farm  of  C.  P.  Pingree,  in  the  extreme  western  part  of  the  town  of 
Albany,  was  worked  to  a  slight  extent  for  mica  in  1878-79,  and  was 
opened  again  in  1900  by  W.  S.  Robinson;  no  shipments,  however, 
except  of  samples,  have  ever  been  made.  The  ledge  has  yielded  some 
beryls  of  gem  quality.  In  the  absence  of  the  owner  of  this  property 
the  writer  was  unable  to  visit  it.  Bethel,  the  nearest  station,  is  about 
8  miles  distant  on  the  Grand  Trunk  Railway. 
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ANDOVER. 

F.  G.  Hillman,  of  New  Bedford,  Mass.,  has  reported  his  discovery  in 
pegmatite  in  Andover  of  lilac-colored  spodumene,  or  kunzite,  as  well 
as  of  some  with  a  greenish  color.  A  cleavage  specimen  sent  to  the 
Survey  measured  about  12  by  10  by  3i  milhmeters  and  had  a  very 
pretty  clear  pink  color.  It  was  not  entirely  without  cleavage  cracks, 
however.  The  greenish  material  was  a  pale  aquamarine,  nearly 
clear,  though  rather  badly  fractured.  This  spodumene  was  obtained 
near  the  surface,  and  excavating  to  a  greater  depth  has  disclosed  no 
material  of  gem  quality. 

BUCKFIELD. 

The  rocks  of  the  town  of  Buckfield  are  largely  quartz-mica  schists 
which  have  been  injected  by  pegmatite.  The  pegmatites  have  not 
been  extensively  worked  in  any  part  of  the  town  but  have  at  a  few 
places  yielded  golden  beryl,  aquamarine,  and  csesium  beryl.  A  fine 
twinned  crystal  of  chrysoberyl  from  this  town  in  the  museum  of  the 
Sheffield  Scientific  School  of  Yale  University  is  2  inches  long  and  one- 
half  inch  thick.  This  same  collection  also  contains  very  perfect 
diamond-shaped  crystals  of  muscovite  from  Buckfield. 

GREENWOOD. 

So  far  as  known  the  rocks  of  the  southern  part  of  the  town  of 
Greenwood  are  schists  which  have  been  intruded  by  granite  and 
pegmatite.  In  the  northern  part  of  the  town  granite  is  believed  to 
become  more  abundant. 

A  small  abandoned  mine  which  has  yielded  many  mteresting 
mineral  specimens  and  some  gem  tourmaUnes  is  situated  about 
three-fourths  of  a  mile  east  of  Hicks  Pond  in  the  southern  part  of  the 
town.  The  pit,  which  is  15  feet  in  width  and  about  25  feet  long, 
is  located  on  the  western  slope  of  a  steep  forested  hillside,  near  its 
summit.     It  was  visited  by  the  writer  in  September,  1906. 

The  rock  is  a  coarse  pegmatite  made  up  largely  of  quartz,  musco- 
vite, albite  of  the  olevelandite  variety,  and  some  orthoclase-microcline. 
The  feldspar  does  not  occur  in  commercial  amounts.  Some  of  the 
muscovite  books  are  14  inches  across  the  plates  and  a  foot  in  thick- 
ness, but  all  except  a  few  show  twinning  and  wedge  structure,  which 
render  them  useless  as  a  source  of  plate  mica.  In  places  mica  con- 
stitutes half  of  the  rock.  Black  tourmaUne  is  present  but  is  not 
abundant. 

Pockets  are  numerous,  most  of  those  observed  being  under  1  foot  in 
diameter.  One  gigantic  one  was  7  feet  wide  and  10  feet  long,  with 
a  depth  of  at  least  4  feet,  the  floor  being  buried  under  a  considerable 
thickness  of  detritus;  numerous  small  lobes  add  irregularity  to  its 
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form.  Wherever  the  walls  of  this  pocket  have  not  ''shelled  oflf"  by 
the  action  of  frost,  etc.,  they  are  covered  with  a  coating  of  minute 
crystals  of  quartz.  In  some  places  the  minerals  which  have  been 
coated  in  this  way  have  subsequently  decayed,  leaving  only  their 
quartz  covering.  As  these  quartz  crystals  are  transparent  and 
usually  show  hexagonal  forms  they  probably  crystallized  below 
676°  C.,  presumably  as  a  deposition  from  meteoric  waters.  Where 
this  secondary  quartz  has  been  deposited  on  original  quartz  crystals 
it  has  grown  in  perfect  crystal  continuity  with  them  but  is  distin- 
guished by  being  opaque  white  rather  than  transparent.  It  is  inter- 
esting to  note  that  this  growth  of  secondary  quartz  has  been  most 
rapid  at  the  apices  of  the  quartz-  crystals,  the  coating  here  being 
much  thicker  than  on  the  sides  of  the  crystals. 

The  precise  form  and  extent  of  the  pegmatite  deposit  could  not  be 
ascertained,  but  it  appears  to  be  irregular.  The  coarse  pegmatite  is 
traceable  for  about  25  feet  north  of  the  present  pit,  beyond  which  it 
is  concealed  by  soil.  The  southern  waU  of  the  pit  is  composed  of 
schists,  which  strike  N.  50°  W.  and  dip  nearly  vertical. 

The  locality  has  yielded  a  considerable  number  of  tourmalines  of 
gem  quaUty,  but  very  few  have  been  marketed,  much  of  the  material 
being  stiU  in  the  hands  of  George  Noyes,  of  Fryebui^,  who  developed 
the  property.  Other  minerals  occurring  here  are  apatite  in  small, 
opaque,  olive-green  crystals  (present  in  great  abundance  in  some  of 
the  fine-grained  parts  of  the  pegmatite),  opaque,  pale  lilac-colored 
spodumene,  cassiterite,  beryl,  herderite,"  zircon,  and  phenacite. 

The  locality,  though  affording  many  interesting  mineral  specimens, 
can  not  be  regarded  as  of  much  commercial  importance. 

HEBRON. 

The  rocks  of  the  town  of  Hebron  are  principally  quartz-mica 
schists,  extensively  intruded  and  injected  by  pegmatite,  which  shows 
great  variations  in  coarseness.  The  coarser  phases  have  proved  of 
economic  importance  for  feldspar  at  Number  Four  Hill  in  the  western 
part  of  the  town  and  on  the  Hibbs  farm  north  of  Hebron  village,  and 
gem  tourmalines  and  various  mineral  specimens  have  been  obtained  at 
Mount  Rubellite,  about  2  miles  northeast  of  Hebron  village. 

Hibbs  feldspar  and  mica  mine, — A  small  feldspar  and  mica  mine  was 
opened  in  1906,  about  li  miles  north  of  Hebron  village  near  the 
Buckfield  road.  It  is  located  on  the  farm  of  Alton  Hibbs  and  was 
operated  during  1906  by  J.  A.  Gerry,  of  Mechanic  Falls,  and  W.  Scott 
Robinson.  It  was  abandoned  in  1907.  The  property  was  visited 
by  the  writer  in  August,  1906,  after  considerable  stripping  and  pros- 
pecting had  been  done.  The  ledge  was  exposed  for  a  distance  of  300 
to  350  feet  along  the  southwest  side  of  a  small  creek  valley,  the 

a  Desoribed  by  S.  L.  Penfleld,  Am.  Jour.  Sci.,  3d  ser.,  vol.  47, 1894,  p.  337. 
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average  width  of  outcrop  being  about  30  feet,  though  increasing  to 
50  feet  at  at  least  one  point;  only  shallow  excavations  had  been 
made.  The  exposures  show  numerous  masses  of  pure  orthoclase- 
microcline  feldspar  2  to  3  feet  across,  associated  with  much  graphic 
granite.  The  spar  is  mottled  buff  to  blue-gray.  Small  amounts 
of  the  soda  feldspar,  albite,  are  found.  The  principal  iron-bearing 
impurity  is  black  tourmaline,  so  aggregated  that  it  can  be  readily 
separated  in  the  mining.  It  was  estimated  that  feldspar  of  commer- 
cial grade  for  pottery  purposes  formed  about  60  per  cent  of  the  rock 
mined.  Biotite  is  present  in  the  usual  lath-shaped  crystals  up  to 
1  foot  wide  and  3  feet  long  but  is  not  at  all  abundant. 

Muscovite  is  found  in  most  parts  of  the  pegmatite  in  small  books 
up  to  2  to  3  inches  across;  but  it  occurs  in  abundance  and  in  lai^er 
plates  only  at  the  southwestern  border  of  the  mass,  where  in  a  zone 
averaging  3  to  4  feet  in  width  the  mica  books  average  5  inches  in 
diameter  and  one  reaches  30  inches;  this  specimen,  however,  was 
imperfect.  It  is  estimated  that  in  this  zone  muscovite  constitutes 
on  the  average  at  least  10  per  cent  and  sometimes  20  per  cent  of  the 
rock.  Of  this  it  was 
estimated  that  fully  sw.  HE. 

60  per  cent  could  be     "^jjfet^^  ^Micaceous  band 

trimmed  into  plates, 
the  remainder  being 
usable  only  as  scrap 
mica.  Wedgestruc- 

ture  and  ruling  are    ^^^^*  6.— Relations  of  pegmatite  and  wall  rock  at  Hlbbs  feldspar  and 
,  ^  ,  mica  mine,  Hebron. 

the  common  de- 
fects.    Plates  as  large  as  5  by  6  inches  could  be  trimmed  from  a  few 
of  the  mica  books. 

Exposures  are  not  numerous  enough  to  reveal  the  full  form  or 
extent  of  the  pegmatite  mass.  On  its  southwest  side  it  is  bounded 
by  quartz-mica  schists,  which  trend  from  N.  30°  W.  to  N.  50**  W., 
averaging  about  N.  46®  W.,  and  apparently  dip  about  45°  NE.  The 
northeast  border  of  the  deposit  is  wholly  obscured  by  drift.  The 
mica-rich  band  which  follows  the  southwest  margin  of  the  pegmatite 
mass  can  be  traced  for  300  to  350  feet — nearly  the  whole  distance 
through  which  the  pegmatite  mass  itself  is  exposed.  The  apparent 
relations  of  the  pegmatite  and  schist  are  shown  in  figure  6. 

From  the  exposures  at  the  time  of  the  writer's  visit  this  property 
was  regarded  as  a  promising  one  for  both  feldspar  and  mica  mining. 
It  seems  probable  that  further  stripping  will  show  that  the  deposit 
extends  northwest  and  southeast  of  the  present  exposures,  and  since 
it  seems  to  be  steeply  inclined  there  is  no  reason  why  it  should  not 
persist  in  good  quaUty  to  considerable  depth.  The  development 
work  was  suspended  for  reasons  wholly  aside  from  the  quality  of  the 
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deposit.    All  output  must  be  hauled  by  teams  3  miles  to  Hebron 
station,  on  the  Rangeley  division  of  the  Maine  Central  Railroad. 

Mount  RubeUite. — A  hill  known  as  Mount  RubeUite,  situated  about 
2  miles  northeast  of  Hebron  village,  was  formerly  worked  to  a  slight 
extent  for  its  gems  and  rarer  minerals  by  Augustus  Hamlin,  of  Bangor, 
and  Loren  B.  Merrill,  of  Paris.  The  writer's  visit  was  made  in 
August,  1906. 

The  small  opening  exposes  a  face  of  rock  about  5  feet  high  and  35 
feet  long  on  a  southwestward  sloping  hillside.  The  pegmatite  re- 
sembles in  a  general  way  that  at  Mount  Mica  (p.  86),  but  has 
yielded  few  pockets,  Mr.  Merrill  reporting  the  occurrence  of  only 
three  or  four,  one  of  which  was  about  3  feet  wide,  6  feet  long,  and  18 
inches  deep.  Buff-colored  orthoclase-microcline  feldspar  is  in  many 
places  so  penetrated  by  black  tourmaline,  the  principal  iron-bearing 
impurity,  as  to  be  useless  for  pottery  purposes,  but  a  few  piu'e  masses 
6  feet  across  indicate  that  the  locality  may  be  worth  working.  At 
one  place  books  of  mica,  some  of  them  5  to  6  inches  across,  but 
mostly  smaller,  show  on  the  surface  of  the  unopened  ledge  above  the 
pit,  but  they  do  not  seem  to  form  a  definite  vein.  Probably  some  of 
this  mica  could  be  marketed  in  connection  with  the  feldspar,  but  the 
indications  do  not  warrant  development  for  the  mica  alone. 

Colored  tourmalines  have  been  found  at  tliis  locality,  but  for  the 
most  part  in  the  solid  pegmatite  rather  than  in  pockets,  so  that  their 
excavation  without  shattering  was  not  practicable.  As  may  be  in- 
ferred from  the  name  given  to  the  locality,  the  pink  or  rubellite 
variety  was  of  common  occurrence. 

Other  minerals  from  this  locality  are  ambylgonite,  apatite  in  small 
opaque  green  crystals,  arsenopyrite,  beryl,  cassiterite  inclosed  in 
clevelandite,  childrenite,  cookeite,  damourite  (an  alteration  product 
of  tourmaline),  halloysite,  herderite,°  lepidolite,^  pollucite*'  (embed- 
ded in  the  ''sand"  at  the  bottom  of  two  pockets),  and  vesuvianite. 

The  trend  or  extent  of  the  coarse  pegmatite  could  not  be  de- 
termined. 

It  is  possible  that  it  would  pay  to  work  this  locality  for  its  feldspar, 
mica,  and  occasional  gems,  but  it  would  probably  be  unprofitable 
to  work  it  for  any  one  of  these  alone.  The  haul  to  Hebron  station, 
on  the  Rangeley  branch  of  the  Maine  Central  Railroad,  is  about  3 

miles. 

Streaked  3/(mn/ain.— Streaked  Mountain,  in  the  extreme  north- 
west comer  of  the  town  of  Hebron,  shows  in  a  striking  way  the  large 
size  which  some  of  the  masses  of  coarse  pe^rmatite  may  assume.    The 

o  Wells,  H.  L.,  and  Penfleld,  S.  L.,  Am.  Jour.  Scl.,  3d  ser.,  vol.  44,  pp.  lU^Tlius^^^^liT^^^ 

^^l;u?^F.  W.,  Ball.  U.  S.  Oeol.  Survey  No.  42.  IW  p.  14. 

c\vSL!'h.  L..  on  the  composillon  of  poUucite  and  lUs  occurrence  at   Hebron.  Me.:  A.n.  Jour.  Scl., 
3d  ser.,  vol.  41,  1891,  pp.  213-220. 
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crest  of  this  mountain  trends  in  a  northwest-southeast  direction  and 
was  examined  for  over  half  a  mile  of  its  length.  The  width  of  out- 
crop examined  from  southwest  to  northeast  across  the  trend  of  the 
ridge  was  also  ahout  half  a  mile.  The  whole  area  traversed  and  the 
remainder  of  the  mountain  so  far  as  it  could  be  seen  was  tmderlain 
almost  exclusively  by  coarse  pegmatite,  the  mountain  being  essentially 
a  ''boss"  of  this  material.  Near  the  highest  part  a  few  patches  of 
schist  a  few  square  yards  in  surface  are  entirely  surrounded  by 
pegmatite.  Another  schist  mass  was  40  to  50  feet  wide  and  100  feet 
long.  It  was  bordered  on  three  sides  by  pegmatite,  its  fourth  contact 
being  obscured  by  vegetation.  These  masses  appear  to  be  entirely 
unconnected  with  any  large  schist  areas. 

The  pegmatite  is  of  the  usual  type,  being  an  association,  often 
in  graphic  intergrowth,  of  quartz,  orthoclase-microcline,  muscovite, 
black  tommaline,  and  subordinate  amounts  of  biotite.  In  a  few 
places,  as  on  the  highest  part  of  the  mountain,  it  is  coarse  enough  to 
yield  feldspar  of  suitable  quality  for  pottery  purposes,  some  masses 
of  pure  potash  feldspar  being  2  to  3  feet  across  and  rather  coarse 
graphic  granite  being  abundant.  Its  inaccessible  location  would, 
however,  render  its  working  impracticable  under  present  conditions. 
Certain  portions  of  this  pegmatite  consist  almost  wholly  of  graphic 
granite,  intersected  by  blades  of  muscovite,  but  these  areas  grade  into 
others  characterized  by  a  granular-pegmatitic  texture  and  containing 
the  same  minerals,  but  also  much  black  tourmaline  and  some  garnet. 

It  is  difficult  to  conceive  of  a  mass  of  this  size  and  general  uni- 
formity crystallizing  under  anything  like  vein  conditions.  With 
high  gaseous  content  and  hence  high  mobility  it  would  be  natural 
to  expect  more  differentiation  both  in  texture  and  composition. 
Although  the  composition  of  the  pegmatite  magma  was  probably 
slightly  different  from  the  normal  granite  magma,  it  seems  probable 
that  the  rigidity  of  the  mass  was  not  greatly  less  than  that  which 
would  characterize  a  granite  boss  of  similar  dimensions. 

Mills  feldspar  quarry. — ^A  small  abandoned  feldspar  quarry,  situ- 
ated on  Number  Four  Hill,  near  the  Paris-IIebron  hne,  was  visited  by 
the  writer  in  August,  1906.  The  quarry  was  worked  by  the  Mount 
Marie  Mining  Company  in  1901  but  was  soon  abandoned. 

The  principal  pit  is  about  75  feet  long  by  30  feet  wide  and  10  feet 
in  maximum  depth.  A  second  pit  close  by  is  about  30  by  30  feet  and 
10  feet  deep. 

The  bulk  of  the  feldspar  belongs  to  the  potash  varieties,  orthoclase, 
and  microcline,  though  some  albite  of  the  clevelandite  variety  occurs 
in  the  coarser-grained  portions.  In  the  northwestern  part  of  the 
larger  pit  some  masses  of  pure  spar  are  3  to  4  feet  across.  The  bare 
ledge  to  the  north  of  the  smaller  pit  for  a  length  of  40  or  50  feet  and 
a  width  of  about  30  feet  shows  feldspar  in  crystals  2  to  4  feet  across 
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but  containing  numerous  small  crystals  of  black  tourmaline.  In  the 
larger  pit  there  is  a  small  amount  of  feldspar  of  commercial  grade  at 
its  northwest  end,  but  in  the  smaller  pit  and  in  the  unopened  ledge 
near  the  pits  black  tourmaline  id  so  intimately  and  abundantly 
associi^l^  with  the  feldspar  as  to  render  most  of  the  latter  valueless 
for  pottery  purposes  under  present  commercial  conditions.  The 
coarsest  and  most  highly  feldspathic  portion  of  the  deposit  as  exposed 
in  the  larger  pit  contains  some  clevelandite  and  granular  lepidoUte 
and  a  few  colored  tourmaUnes  of  pink  and  green  tints,  which  are 
translucent  to  opaque.  A  few  small  pockets  occur  and  several  less 
than  a  foot  in  diameter  were  exposed  at  the  time  of  the  writer's  visit. 
In  some  of  the  pockets  a  few  transparent  tourmalines  of  gem  quality 
were  found  during  the  mining  operations.  South  of  the  workings 
the  ledge  shows  very  little  feldspar  of  pottery  grade  and  within  200 
feet  there  begins  to  be  some  admixture  of  schist  with  the  pegmatite. 

Muscovite  has  been  saved  during  the  mining,  but  most  of  it  is  what 
is  known  as  wedge  mica  and  would  be  valueless  except  as  a  soiux;e  of 
ground  mica.  Biotite  or  black  mica  is  very  rare,  black  tourmaline 
being  the  principal  iron-bearing  impurity. 

The  trend  and  exact  limits  of  this  deposit  could  not  be  determined, 
but  there  is  every  indication  that  the  supply  of  feldspar  suitable  for 
use  in  the  pottery  trade  is  very  small,  most  of  the  material  showing 
too  great  an  abundance  of  black  tourmaline.  An  examination  of  the 
whole  coast  of  the  hill  south  of  the  pits  showed  no  spar  or  other 
minerals  of  commercial  grade.  Even  if  the  mica  and  tourmalines 
were  marketed  as  accessories  it  is  probable  the  deposit  could  not  be 
made  to  pay. 

No  mining  machinery  was  installed  at  this  locality.  The  feldspar 
was  hauled  5  miles,  mostly  down  grade,  to  South  Paris,  on  the  Grand 
Trunk  Railway.  Only  a  few  tons  of  it  was  shipped,  and  much  spar 
now  lies  in  stock  piles  at  the  quarry. 

NEWRY. 

The  rocks  of  Newry  were  studied  only  in  the  extreme  northeast 
comer  of  the  town  at  a  quarry  formerly  operated  for  gem  tourmalines. 

The  Dunton  tourmaline  mine  is  situated  near  the  summit  of  a 
considerable  hill  that  rises  back  of  the  farm  of  Josliua  Abbott, 
about  1  to  li  miles  west  of  the  wagon  road  between  North  Rumford 
and  South  Andover.  It  was  operated  in  the  summers  of  1903  and 
1904  by  H.  C.  Dunton,  of  Rumford  Falls. 

The  pegmatite  mass  appears  to  be  sill-like  in  form,  with  an  average 
thickness  of  about  20  feet  and  a  dip  of  about  40°  SE.  The  wall  rock 
has  been  intensely  altered,  but  whether  this  is  largely  due  to  contact 
metamorphism  by  the  pegmatite  is  uncertain.  It  is  a  light-green 
rock,  exceedingly  tough,  and  is  composed  largely  of  muscovite,  actin- 
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olite,  and  quartz,  with  a  little  acidic  plagioclase.     The  mineral  grains 
interlock  with  no  trace  of  schistose  structure. 

The  higher  slopes  of  the  mountain  between  the  mine  and  the  wagon 
road  show  'much  pegmatite,  but  the  lower  slopes  near  the  road  are 
principally  a  quartz-mica  schist,  which  is  shown  by  locally  recog- 
nizable bedding  planes  to  be  of  sedimentary  origin. 

The  pegmatite  mass  is  of  exceedingly  coarse  texture,  and  the 
principal  minerals  are  quartz,  orthoclase-microcline,  muscovite, 
bladed  albite  (clevelandite),  spodumene,  lepidolite,  and  tourmaline, 
with  beryl,  columbite,  and  autimite  as  minor  constituents. 

The  quartz  and  orthoclase-microcline  are  comimonly  in  graphic 
intergrowth,  as  are  also  quartz  and  muscovite.  Orthoclase  is  the 
dominant  feldspar  in  most  parts  of  the  pegmatite  mass.  The  musco- 
vite is  not  of  com- 
mercial quality,  de- 
tects of  twinning, 
Wedge  structure,  and 
A  structure  being 
common.  Many 
muscovite  plates 
inclose  crystals  of 
transparent  green 
tourmaline,  some  of 
those  observed  be- 
ing one-fourth  inch 
wide  and  2  to  3  inches 
long.  None  are  large 
enough  or  perfect 
enough  to  yield 
gems. 

The  central  5  or  6 
feet  of  the  sill-like 
mass  of  pegmatite  constitutes  the  gem-bearing  zone  and  is  character- 
ized by  a  different  mineral  association.  Quartz,  orthoclase-micro- 
cline, and  muscovite  occur,  but  clevelandite  is  locally  more  abimdant 
than  potash  feldspar;  some  of  its  bladelike  crystals  are  10  to  12 
inches  in  length.  With  it  is  closely  associated  lepidolite,  usually  in 
small  aggregates,  but  occasionally  in  large  masses ;  one  mass  measured 
6  by  2  by  3  feet  but  inclosed  some  clevelandite  and  pink  tourmaline. 
The  lepidolite,  as  at  most  of  the  gem  localities,  forms  granular  aggre- 
gates of  minute  plates  and  prisms.  Spodimiene  occurs  in  flat  crystals, 
some  of  which  are  2^  feet  in  length;  it  is  opaque  and  mostly  wliite, 
though  pale  pink  tints  are  sometimes  found.  Elongate  fluid  inclu- 
sions, nearly  all  of  which  are  elongate  parallel  to  the  principal  cleav- 
age and  contain  vacuoles,  are  abundant  in  this  spodumene;  their 
size  and  shape  are  shown  in  figure  7. 


Figure  7.— Fluldal  cavities  in  spoduxncno  from  Newry. 
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Most  of  the  tourmaline  is  an  opaque  dark  blue-green,  though  some 
is  nearly  black.  Association  of  this  variety  with  the  clevelandite 
is  particularly  common.  Other  tourmalines  of  lighter  color  are  also 
abundant,  particularly  varieties  characterized  by  pink  centers  sur- 
rounded by  borders  of  light  grass  green.  Some  of  these  crystals  are 
transparent  in  part  and  have  yielded  gem  material,  but  they  are 
inclosed  in  the  solid  pegmatite  and  are  difficidt  to  remove  without 
shattering.  Some  of  the  pink  and  green  tourmalines  are  of  large 
size,  one  being  reported  as  4  to  5  inches  across  and  about  2  feet  long; 
the  larger  ones,  however,  are  not  of  gem  transparency.  So  far  as 
known  no  pockets  have  been  encountered. 

Beryl  was  not  seen  in  place,  but  a  small  loose  crystal,  though 
flawed,  was  perfectly  transparent  and  almost  deep  enough  in  color 
to  be  classed  as  emerald.  Autunite  occurs  in  crystals,  few  of  them 
over  one-sixteenth  of  an  inch  across,  embedded  in  or  lying  between 
plates  of  clevelandite.  Most  of  it  has  wholly  decomposed,  leaving  a 
small  cavitv'  and  a  canary-yellow  stain  in  the  surrounding  feldspar. 

The  locaUty  was  abandoned  because  the  tourmalines  could  not  for 
the  most  part  be  removed  from  the  ledge  without  being  shattered  so 
much  as  to  destroy  their  gem  value.  If  further  excavation  should 
reveal  the  presence  of  pockets  in  tliis  pegmatite,  some  of  these  would 
almost  certainly  contain  gem  tourmalines  which  coidd  be  excavated 
by  careful  mining.  In  view  of  the  fact  that  no  pockets  have  yet  been 
foimd  it  seems  rather  doubtful  if  further  excavation  will  reveal  any. 

NORWAY. 

The  rocks  of  the  town  of  Norway  are  largely  quartz-mica  schists 
intimately  injected  by  pegmatite.  No  commercially  important  peg- 
matite deposits  are  knowTi  to  occur,  but  some  localities  are  of  interest 
to  the  mineral  collector. 

At  Tubbs  Ledge,  2  miles  northwest  of  Norway  village,  a  pegmatite 
mass  which  has  been  blasted  at  several  localities  in  a  pasture  shows 
orthoclase,  white  quartz,  rose  quartz,  clevelandite,  black  and  green 
tourmalines,  and  lepidolite,  the  latter  a  granular  aggregate  of  unusu- 
ally small  plates.  The  presence  of  lepidolite,  colored  tourmaUnes, 
and  clevelandite  shows  that  the  locality  is  a  favorable  one  for  further 
prospecting  for  gem  tourmalines. 

In  the  northeast  corner  of  the  town  near  Cobble  Hill  and  near  the 
road  corners  due  southwest  of  West  Paris  a  pegmatite  ledge  opened  by 
George  Howe,  of  Norway,  has  yielded  small  but  perfect  crystals  of 
chrysoberyl,  zinc  spinel,  and  zircon.  The  pegmatite  containing  these 
minerals  shows  distinct  evidence  in  a  somewhat  scliLstose  structure 
and  slickensided  talcose  surfaces  of  some  movement  since  solidifica- 
tion. The  clirysoberyl  is  clearly  an  original  constituent,  but  the 
minute  zircons  one-sixteenth  to  one-eighth  inch  in  length  he  upon 
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the  talcose  slickensided  surfaces  and  were  probably  formed  during 
the  shearing  process. 

Two  dikes,  cutting  pegmatite  of  moderate  coarseness  in  a  roadside 
exposure  in  the  eastern  part  of  Norway,  are  instructive.  One  dike, 
ranging  from  6  inches  to  3  feet  in  width,  is  a  coarse  aggregate  of  quartz 
(some  rose  colored),  feldspar,  muscovite,  and  black  tourmaline ;  it  is  not 
separated  from  the  wall  rock  by  sharp  boundaries.  The  other  dike 
is  similar  in  texture  and  mineral  composition,  but  has  quite  sharply 
defined  walls,  next  to  which  the  texture  is  less  coarse.  At  one  end, 
however,  this  dike  grades  imperceptibly  into  the  same  pegmatite  wall 
rock  which  it  elsewhere  intrudes  sharply.  These  are  plainly  examples 
of  contemporaneous  pegmatite  dikes. 

PARIS. 

The  writer's  observations  extend  over  only  those  portions  of  the 
town  of  Paris  lying  between  South  Paris  and  Paris  and  from  there 
northeastward  to  the  Bucfcfield  line.  The  rocks  are  quartz-mica 
schists  intruded  by  pegmatite,  quartz  veins,  and  occasional  small 
trap  dikes.  The  schists  reveal  their  original  sedimentary  character 
in  the  preservation  here  and  there,  as  at  the  Crocker  Hill  mine  near 
Paris  Hill,  of  distinct  bedding  planes  due  to  an  alternation  of  highly 
quartzose  layers  with  others  that  are  more  argillaceous.  In  a  few 
localities  small  beds  of  crystalline  limestone  occur  in  the  schists. 

The  collection  of  the  Sheffield  Scientific  School  of  Yale  University 
contains  some  fine  diamond-shaped  crystals  of  muscovite  from  the 
northern  part  of  the  town  of  Paris. 

The  only  locality  in  the  town  where  the  pegmatites  have  proved  of 
economic  importance  is  Mount  Mica,  near  Paris  Hill. 

HnJi  NOBTH  OF  CROCKER  HILL. 

Certain  relations  observed  on  the  next  large  hill  north  of  Crocker 
Hill,  about  2^  miles  from  Paris  village,  bear  on  the  origin  of  the  peg- 
matite and  their  physical  characters  at  the  time  they  were  intruded. 

Nearly  the  whole  hilltop  is  bare,  and  fully  three-quarters  of  the 
rock  is  a  quartz-orthoclase-muscovite-black  tourmaline  pegmatite, 
which  has  been  broken  into  at  one  place  in  a  search  for  beryl  of  gem 
quality.  At  this  opening  the  feldspar  is  sufficiently  free  from  black 
tourmaline  and  occurs  in  large  enough  crj'stals  to  be  of  commercial 
grade  for  pottery  purposes,  but  its  total  quantity  is  very  small,  most 
of  the  pegmatite  of  the  hill  being  too  quartzose  and  too  intimately 
shot  through  with  black  tourmaline  to  be  of  commercial  value  under 
present  conditions.  The  rock  associated  with  the  pegmatite  is  a 
schist  or  gneiss  similar  to  that  at  Mount  Mica,  but  more  intensely 
injected  by  quartz  and  feldspar  and  more  highly  gametiferous.  It 
Almost  certainly  represents  a  schist  of  sedimentary  origin  subsequently 
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injected  by  pegmatitic  material.  Garnets  are  very  abundant  in  this 
gneiss  and  some  are  1^  inches  in  diameter.  There  are  also  some 
knots  or  lenticles  made  up  entirely  of  quartz  and  garnet  in  irregular 
association.  Most  of  these  are  under  1  foot  in  greatest  dimension, 
but  one  observed  was  8  feet  long  and  1^  feet  in  greatest  width. 
A  band  2  to  3  feet  in  width  in  the  gneiss  and  traceable  for  about  25 
feet  is  fully  three-quarters  garnets  up  to  1^  inches  in  diameter,  the 
interspaces  being  occupied  by  quartz  and  some  feldspar.  In  all 
probabiUty  this  profusion  of  garnets  is  a  contact-metamorphic  effect 
of  the  pegmatite  intrusion.  The  prevailing  strike  of  the  gneiss  is 
about  N.  46°  W. 

The  boundaries  of  the  larger  masses  of  pegmatite  may  parallel  the 
banding  of  the  gneiss  or  break  directly  across  it.  Considerable  dif- 
ferences exist  in  the  trend  of  the  gneiss,  even  in  outcrops  only  20  feet 
apart;  this  is  not  due  to  gradual  curving  of  the  foUa,  the  change^ 
being  abrupt  and  due  to  bodily  displacements  of  blocks  of  the  schist 
during  the  intrusion  of  the  pegmatite.  The  absence  of  any  great 
amount  of  softening  of  the  schist  consequent  on  the  intrusion  of  the 
pegmatite  is  also  well  illustrated  by  Plate  X,  A,  in  which  is  shown 
a  pegmatite  mass  2  to  3  feet  across  and  a  number  of  smaller  masses, 
all  intrusive  in  the  gneiss.  The  gneiss  folia  do  not  in  general  con- 
form to  the  outline  of  the  pegmatite  mass,  as  they  would  if  any  con- 
siderable amount  of  softening  of  the  schist  had  occurred,  and  only  in 
a  zone  an  inch  or  two  wide  along  the  contact  of  the  gneiss  and  pegmar-^ 
tite  do  they  show  distortion.  Any  considerable  softening,  therefore, 
seems  to  have  been  confined  to  a  zone  1  to  2  inches  wide.  The  bend- 
ing of  the  gneiss  folia  in  a  manner  such  as  is  shown  in  the  fiigure  also 
indicates  that  the  pegmatite  when  intruded  behaved  to  a  certain 
extent  like  a  solid  body,  and  was  capable  of  exerting  differential 
thrust  on  its  inclosing  walls  of  gneiss.  In  a  body  behaving  essen- 
tially like  a  liquid,  pressure  would  become  equalized  in  all  directions, 
and  it  is  difficult  to  see  how  such  bending  could  have  been  produced. 

The  pegmatite  of  the  hill  is  cut  by  a  number  of  quartz  veins  or 
dikes  mostly  under  6  inches  wide  and  mostly  subparallel  in  trend. 
Most  of  them  parallel  the  rather  poorly  defined  system  of  joints  in 
the  pegmatite.  Some  of  the  quartz  veins  possevss  sharp  boundaries; 
others  are  rather  vaguely  delimited  from  the  bordering  pegmatite. 
Quartz  veins  of  the  latter  type  are  particularly  likely  to  contain 
some  feldspar  (orthoclase-microcline,  some  of  the  crystals  3  inches 
across)  and  some  muscovite  and  black  tourmaline.  Black  tourma- 
line is  also  found  frequently  in  veins  which  otherwise  are  composed 
wholly  of  quartz;  in  some  of  the  narrower  veins  it  may  be  even  more 
abundant  than  the  quartz.  The  two  often  show  interpenetration. 
At  one  place  the  relations  shown  in  figure  3  (p.  19)  were  observed 
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within  a  space  3  or  4  feet  square.  The  pegmatite  is  in  sharp  contact 
with  the  gneiss,  into  which  it  sends  off  a  tapering  apophysis.  The 
latter  for  a  short  distance  from  the  main  pegmatite  mass  is  true 
pegmatite,  but  beyond  this  becomes  rapidly  more  quartzose.  Most 
of  this  branch  vein  consists  wholly  of  quartz. 

The  inferences  to  be  drawn  from  the  relations  described  may  be 
summarized  as  follows: 

(1)  The  relations  shown  in  Plate  X,  A,  and  the  fact  that  the 
changes  in  trend  of  the  schists  are  abrupt  and  due  to  displacement 
of  schist  blocks  en  masse  indicate  that  the  pegmatite  intrusions  pro- 
duced no  extensive  softening  of  the  schists.  Such  softening,  when 
present  at  all,  was  confined  to  a  zone  an  inch  or  two  wide  immedi- 
ately adjacent  to  the  pegmatite.  (2)  The  bending  of  gneiss  folia 
next  the  pegmatite  (see  PL  X,  A)  suggests  that  the  dike,  even  before 
its  border  portions  had  entirely  solidified,  behaved  essentially  as  a 
rigid  body  capable  of  transmitting  differential  thrust  and  not  as  a 
liquid. 

The  relations  shown  in  figure  3,  the  fact  that  feldspar,  muscovite, 
and  black  tourmaline  occur  in  many  of  the  quartz  veins,  and  the 
fact  that  these  veins  are  in  some  places  not  sharply  differentiated 
from  the  inclosing  pegmatite,  indicate  that  at  least  many  of  the 
quartz  veins  are  to  be  regarded  as  end  crystallizations  from  the 
pegmatite  magma. 

MOUNT  MICA. 

History. — Mount  Mica,  a  small  hill  situated  about  IJ  miles  east 
of  the  village  of  Paris  at  an  elevation  of  approximately  900  feet,  is 
one  of  the  most  famous  mineral  localities  in  the  United  States,  and 
is  known  to  mineralogists  all  over  the  world  because  of  the  size  and 
beauty  of  its  tourmaline  crystals. 

The  discovery  of  its  mineral  wealth  dates  back  to  the  year  1820,** 
when  two  students,  EUjah  S.  Hamlin  and  Ezekiel  Holmes,  the  former 
a  resident  of  the  town  of  Paris,  becoming  interested  in  the  study  of 
mineralogy,  spent  much  time  in  searching  for  minerals  in  the  exposed 
ledges  and  the  mountains  around  the  village.  In  returning  from 
one  of  their  expeditions  in  the  autumn  of  1820,  Hamlin's  eye  was 
caught  by  a  gleam  of  green  from  an  object  caught  in  the  roots  of  a 
tree  upturned  by  the  wind.  The  object  proved  to  be  a  fragment  of 
a  transparent  green  crystal  lying  loose  upon  the  earth  which  was 
still  attached  to  the  roots  of  the  tree.  This  was  the  first  colored 
tourmaline  taken  from  the  locality  wliich  afterwards  yielded  them 
80  prolifically,  but  its  character  was  not  recognized  until  somewhat 

a  Hamlin,  A.  C,  The  history  of  Mount  Mica,  Bangor,  Me.,  1895. 
63096*— Bull.  445—11 6 
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later,  when  the  same  students  sent  similar  crystals  for  identification 
to  Professor  Silliman,  of  Yale. 

The  winter's  snows  setting  in  the  night  after  the  discovery  pre- 
vented further  exploration  until  the  following  spring,  when  the  two 
students  searched  the  bare  ledge  and  the  overlying  soil  and  were 
rewarded  with  thirty  or  more  crystals  of  tourmaline  of  remarkable 
beauty  and  transparency,  with  which  were  associated  masses  of  pur- 
plish red  to  pink  lepidolite  and  splendid  crystal  groups  of  white  and 
of  smoky  quartz. 

Subsequent  examination  indicated  that  the  ledge  was  perforated  with  cavities  in 
which  the  tourmalines  and  other  minerals  had  been  deposited  and  that  the  crystals 
that  had  been  gathered  by  the  students  had  been  set  free  from  their  cavities  by  the 
disintegration  of  the  surface  of  the  ledge.  Parts  of  the  ledge  were  fairly  honeycombed 
with  small  cavities  and  soft  spots  where  the  decomposing  feldspar  was  crumbling 
away.  In  these  cavities  and  decayed  places  other  tourmalines  were  obtained  by 
breaking  away  the  edges  of  the  cavities  or  removing  the  decomposed  material .<> 

The  finding  of  the  first  of  the  large  pockets  is  described  by  Mr. 
Hamlin*  as  follows: 

Two  years  after  the  discovery  (1822),  the  two  younger  brothers  of  the  discoverer, 
Cyrus  and  Hannibal  Hamlin,  although  scarcely  in  their  teens,  resolved  to  make  a 
more  complete  exploration  of  the  ledge.  Having  borrowed  some  blasting  tools  in 
the  village,  they  proceeded  to  the  hill  and  managed  in  a  rough  way  to  drill  several 
holes  in  the  ledge  and  blast  them  out.  These  operations,  though  of  trivial  magni- 
tude, were  attended  with  unlooked-for  results,  for  the  explosions  threw  out,  to  the 
astonishment  of  tho  boys,  large  quantities  of  bright-colored  lepidolite,  broad  sheets 
of  mica,  and  masses  of  quartz  crystals  of  a  variety  of  hues.  The  last  blast  exposed  a 
decayed  place  in  the  ledge,  which  yielded  readily  to  the  thrusts  of  a  sharpened  stick 
or  the  point  of  the  iron  drills.  As  the  surface  was  removed,  great  numbers  of  minute 
tourmalines  were  discovered  in  the  decomposed  feldspar  and  lepidolite.  The  rock 
became  softer  and  softer  as  the  boys  proceeded  in  their  work  of  excavation,  and  soon 
they  reached  a  large  cavity  of  two  or  more  bushels  capacity.  This  hollow  place,  or 
rotten  place,  appeared  to  be  filled  with  a  substance  resembling  sand,  loosely  packed. 
Amongst  this  sand  or  disintegrated  rock,  crystals  of  tourmaline  of  extraordinary  size 
and  beauty  were  found  scattered  here  and  there  in  the  soft  matrix.  Scratching  away 
with  renewed  energy,  the  boys  soon  emptied  the  pocket  of  its  contents,  and  found 
that  they  had  obtained  more  than  twenty  crystals  of  various  forms  and  hues.  One  of 
these  was  a  magnificent  tourmaline  of  a  rich  green  color  and  a  remarkable  transpar- 
ency. It  was  more  than  2\  inches  in  length  by  nearly  2  inches  in  diameter,  and  both 
of  its  terminations  were  finely  formed  and  perfect. 

Several  others  possessed  extraordinary  beauty,  and  some  of  them  were  quite  3 
inches  in  length  and  an  inch  in  diameter.  The  colors  of  these  tourmalines  were  quite 
varied,  but  were  chiefly  red  and  green.  *  *  *  The  exact  number  of  the  cr^'stals 
obtained  by  the  boys  is  not  known,  but  when  collected  toijethor  with  the  fragments 
of  others  they  filled  a  basket  of  nearly  two  quarts  rapacity.  Besides  the  tourmalines, 
the  quantity  of  lepidolite,  mica,  and  other  choice  minerals  thrown  out  by  the  blasts 
or  found  in  the  sides  of  the  cavity  was  so  great  that  the  boys  were  obliged  to  seek  for 
an  ox  team  to  txansport  them  home. 

From  1822  until  1864  the  locality  was  visited  by  many  mineralo- 
gists, geologists,  and  mineral  collectors,  who  excavated  to  some  extent 

a  Op.  Cit.,  p.  10.  «>  Op.  cit.,  pp.  11-12. 
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and  secured  a  number  of  valuable  and  beautiful  tourmalines,  though 
no  systematic  working  was  attempted.  Observations  were  made 
by  Professor  Shepard,  of  Amherst  College,  between  1825  and  1830." 

In  1864  Samuel  R.  Carter,  of  Paris,  commenced  work  in  front  of 
the  pit  made  by  former  explorers  and  started  a  cut  in  the  ledge  40 
or  50  feet  to  the  west,  intending  to  strike  the  mineral  belt  at  a  depth 
greater  than  had  before  been  reached,  but  after  removing  many  tons 
of  rock  and  finding  no  sign  of  the  deposit  he  stopped  work.  Shortly 
after  the  close  of  the  civil  war  A.  C.  Hamlin,  the  discoverer  of  the 
deposit,  made  a  few  test  blasts  and  discovered  a  small  pocket  showing 
green  tourmalines  touched  at  the  base  with  pink.  In  1871  he  renewed 
his  work  and  after  some  excavation  disclosed  a  pocket  containing 
one  of  the  finest  crystals  of  white  tourmaline  (achroite)  that  has 
ever  been  found.  This  was  4i  inches  in  length  and  1^  inches  in 
diameter,  white  at  the  top,  but  changing  to  a  smoky  hue  toward  the 
base,  and  tipped  at  both  ends  with  green.  It  is  now  in  the  miner- 
alogical  museum  of  Harvard  College.  About  1873  Mount  Mica  was 
worked  for  musco'vite  by  a  party  of  explorers  and  the  contents  of 
several  fine  pockets  which  they  opened  were  scattered  or  destroyed. 
About  1880,  in  order  to  continue  the  work  for  gem  minerals. 
Dr.  Hamlin  formed  the  Moimt  Mica  Company  and  continued  to 
operate  intermittently  and  with  varying  degrees  of  success  luitil 
about  1886,  when  work  was  suspended  owing  to  the  belief  that  the 
deposit  did  not  extend  farther  to  the  east.  In  1890  Loren  B. 
Alerrill,  who  had  been  engaged  to  some  extent  in  gem  mining  at 
Mount  Apatite,  and  L.  Kimball  Stone,  both  of  Paris,  purchased  the 
rights  to  operate  the  property  and  have  worked  it  successfully  to 
the  present  time. 

Mount  Mica  was  visited  by  the  writer  in  August,  1906,  and  again 
in  October,  1907,  and  November,  1908.  In  1908  the  pit  was  about 
150  feet  long  from  northeast  to  southwest  and  from  50  to  100  feet 
wide.  The  maximum  depth  was  about  20  feet.  W.  H.  Emmons, 
who  visited  the  mine  in  July,  1910,  reports  that  the  pit  was  then  300 
feet  long  and  35  feet  in  maximum  depth.  These  dimensions  do  not 
mark  the  total  area  which  has  been  worked  over,  for  most  of  the 
quarry  waste  has  been  piled  in  the  abandoned  workings.  Plate  XI 
gives  a  general  view  of  the  quarry. 

Gem-hearing  zone. — As  at  most  of  the  Maine  quarries  where  peg- 
matite deposits  are  worked  the  relations  between  the  pegmatite  and 
the  wall  rock  and  between  pegmatite  of  various  degrees  of  coarseness 
are  very  irregular.  The  general  position  of  the  gem-bearing  zone  and 
its  relation  to  the  bordering  schists  is,  however,  rather  clear.  Figure 
8  represents  a  section  through  the  mine  from  northwovst  to  southeast, 

a  Shepard,  C.  U.,  Mlneraloglcal  Journey  In  the  northern  parts  of  New  England:  Am.  Jour.  Sci.,  1st  ser., 
vol.  18, 1830,  pp.  293-303. 
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the  portions  excavated  previous  to  1908  being  inclosed  in  a  dotted 
line.  As  shown  in  this  digram,  the  Mount  Mica  pegmatite  mass  dips 
gently  20°  to  30°  SE.,  being  intruded  in  general  parallel  to  the  trend 
of  quartz-mica  schists,  which  at  the  quarry  strike  N.  60°  to  60°  E,  and 
dip  20°  to  30°  SE.  The  significance  of  certain  schist  fragments 
inclosed  in  the  pegmatite  is  discussed  on  page  135. 

Tlie  schists  are  unquestionably  of  sedimentary  origin  but  are 
locally  so  much  injected  by  narrow  sheetlike  offshoots  from  the  larger 
pegmatite  masses  that  they  resemble  igneous  gneisses.  The  contact 
of  the  pegmatite  on  the  schist  is  generally  very  sharp  and  there  is  no 
indication  of  any  absorption  of  the  schist,  though  the  abundance  of 
garnets  near  the  contact  indicates  some  contact  metamorphism. 

The  whole  pegmatite  mass  is  not  productive  (see  fig.  8),  the  gem 
and  pocket  bearing  portion  constituting  a  zone  ranging  from  a  few 
inches  to  6  or  7  feet  in  thickness  lying  immediately  below  the  schist 
capping.  The  productive  layer  originally  outcropped  at  the  surface, 
a  relation  to  which  was  due  its  discovery  and  the  ease  with  which  it 
was  worked  in  the  early  days.     At  present  the  southeastern  wall  of 


the  quarry  is  capped  by  about  10  to  1.5  feet  of  schist  which  must  be 
stripped  i>ir  iK'fore  the  pocket-bearing  zone  is  reached.  According 
to  present  indications  intreusingly  great  thicknesses  of  schist  must  be 
removed  as  the  workings  are  extended  lo  the  southeast,  though  the 
pegmatite  may  show  irregularitips  the  nature  of  which  can  not  be 
predicted.  If  the  work  is  extended  far  to  the  southeast  tunnehng 
may  bo  found  to  be  cheaper  than  strip]>ing.  There  is  very  little 
question,  however,  that  further  lateral  excavation  to  the  southwest 
and  northeast  of  the  present  workings,  in  prolongation  of  the  original 
fine  of  outcrop  of  tlie  pocket-bearing  zone,  would  di-wlose  a  continua- 
tion of  the  productive  layer.  Prospecting  at  least  along  these  lines 
should  be  undertaken  before  the  excavations  are  carried  to  any  great 
depths  in  a  southeast  direction  along  the  dip  of  the  deposit. 

The  gem-bearing  zone  is  not  very  shariily  difTerentiated  from  the 
pegmatite  below  it,  but  is  in  general  somewhat  coarser  and  is  sepa- 
rated from  the  uTideriying  unproductive  pegmatite  by  a  narrow 
layer  very  rich  in  small  garnets.  This  layer  is  similar  to  t  he  garnet- 
iferous  bands  observed  at  the  Wade  and  Pulsifer  quarry  in  Auburn, 
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and  it  was  clearly  recognized  by  A.  C.  Hamlin  as  marking  the  line 
between  the  productive  and  unproductive  rock.  Qut  of  the  80 
pockets  known  to  him  previous  to  1895,  not  one  was  found  below  this 
gametiferous  layer,  nor  have  later  excavations  revealed  any.  The 
pocket-bearing  zone  is  further  differentiated  from  the  rest  of  the  peg- 
matite by  the  abundance  of  clevelandite,  lepidolite,  and  some  other 
minerals  not  found  elsewhere. 

Pockets, — ^An  idea  of  the  abundance  of  pockets  may  be  gained  from 
Plate  XII,  a  reproduction  of  an  old  photograph  showing  the  workings 
at  a  time  when  the  pocket-bearing  zone  could  be  reached  by  very 
shallow  excavation.  In  this  picture  the  position  of  each  pocket  is 
shown  by  a  small  stick  with  a  white  card  attached.  The  abundance 
of  pockets  differs  greatly  in  different  parts  of  the  mineral  zone,  as 
does  also  their  richness  in  tourmalines,  so  that  certain  portions  of  the 
productive  zone  have  proved  much  more  valuable  than  others.  Most 
of  the  pockets  are  more  or  less  spherical  in  outline,  but  some  are  very 
irregular,  many  consisting  of  several  connected  cavities.  Few  of 
them  are  angular  in  form.  One  that  may  be  regarded  as  of  average 
shape,  though  somewhat  above  the  average  in  size,  is  shown  in 
Plate  IX,  B,  and  is  3  feet  in  dianfieter.  In  size  they  vary  from  those 
having  a  capacity  of  only  about  a  pint  to  one  which  was  20  feet  long, 
12  feet  wide,  and  7  feet  high  and  contained  three  connecting  chambers. 
This  largest  known  pocket  is  shown  in  Plate  XIII.  One  pocket  6  feet 
below  the  surface  of  the  ledge,  found  in  1868,  was  scarcely  larger  than 
the  hand  and  contained  nothing  but  one  transparent  tourmaline 
crystal  3  inches  long  and  1  inch  in  diameter.**  The  total  number  of 
pockets  found  up  to  October,  1907,  was  estimated  at  430,  of  which  350 
have  been  found  by  Merrill  &  Stone,  the  present  operators.  Only  a 
small  proportion,  however,  yielded  any  gem  material;  out  of  60 
opened  by  Merrill  &  Stone  in  one  autumn,  only  five  or  six  yielded 
anything  of  value,  and  out  of  the  entire  350  opened  by  them  only 
about  50  were  worth  much. 

According  to  Dr.  Hamlin,^  ^'The  cavities  generally  were  roofed 
with  albite,  whilst  the  sides  were  composed  of  limpid  or  smoky  quartz 
mixed  with  lepidolite,  crystals  of  tin  (cassiterite),  spodumene,  am- 
blygonite,  and  other  rare  minerals. '' 

Few  pockets  were  observable  at  the  time  of  the  writor^s  visit,  but 
Hamlin^s  description  is  probably  essentially  correct,  although  albite 
was  not  observed  to  be  any  more  abundant  above  the  pockets  than 
below  them  or  at  their  sides. 

The  action  of  frost  and  percolating  water  has  in  most  places  pro- 
duced much  disintegration  in  the  walls  of  the  cavities,  and  their  floors 
are  generally  formed  of  a  sandy  or  clayey  mass  consisting  of  partly 
decomposed  fragments  of  clevelandite  and  lepidolite  associated  in 

•  Hamlin,  A.  C,  The  history  of  Mount  Mica,  p.  03  and  PI.  XV.  <>  Idem,  p.  49. 
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greater  or  less  abundance  with  kaolin  and  the  hydromica  cookeite. 
In  this  mass  of  decomposed  material  the  tourmalines  are  embedded. 
There  can  be  no  doubt  that  they  were  once  attached  to  the  walls  of 
the  cavities,  but  they  have  been  loosened  from  their  original  position, 
many  being  fractured  in  the  process,  and  now  lie  in  every  conceivable 
position  in  the  material  forming  the  floor  of  the  cavity.  Many  of  the 
groups  of  quartz  crystals  which  adorned  the  walls  have  been  loosened 
in  a  similar  way,  some  of  them  now  lying  embedded  in  the  materials 
of  the  floor  with  the  apices  of  the  crystals  downward  just  as  they  fell 
from  the  roof  of  the  cavity.  In  some  of  the  cavities  the  amount  of 
kaolinic  material  is  very  large,  about  a  ton  of  the  pink  kaolin  mont- 
morillonite  having  been  taken  from  the  large  one  shown  in  Plate 
IX,  B. 

Minerals, — The  bulk  of  the  pegmatite  foimd  at  this  quarry  is  in 
general  similar  to  that  at  other  pegmatite  workings  in  Maine  but 
differs  from  these  in  the  relative  scarcity  of  graphic  intergrowths  of 
quartz  and  potash  feldspar.  The  principal  constituent  minerals  are 
quartz,  orthoclase  and  microcline,  muscovite,  biotite,  and  black  tour- 
maline, and  their  association  seems  to  be  wholly  irregular.  Even  in 
the  pocket-bearing  layer  these  are  the  principal  minerals,  though  here 
the  clevelandite  variety  of  albite,  lepidolite,  and  colored  tourmalines 
are  also  found. 

Quartz  is  present  in  the  solid  pegmatite,  principally  in  small  irreg- 
ular opaque  masses  which  are  white  to  slightly  smoky  in  color. 
Rarely  it  is  graphically  intorgrown  with  feldspar.  In  the  pockets  it 
occurs  as  groups  of  very  perfectly  developed  transparent  colorless 
crystals.  Whore  these  have  become  detached  from  the  walls  they 
may  he  embedded  in  kaolin  and  cookeite  in  the  bottom  of  the 
pockets. 

The  principal  feldspar  is  bufi'-colored  orthoclase  and  microcline, 
occurring  mainly  in  small,  irregular  masses  intergrown  with  the  other 
common  pegmatite  minerals.  A  very  few  masses  of  pure  feldspar  as 
much  as  2^  feet  across  wore  observed.  The  dump  is  now  (1910)  being 
picked  over  by  the  Maine  Feldspar  Company,  of  Auburn,  to  obtain 
spar  for  pottery  purposes,  but  before  this  the  feldspar  was  not 
utilized  in  any  way.  In  the  pocket-bearing  zone  pure  white  albite 
of  the  clevelandite  variety  is  abundant,  associated  particularly  with 
lepidoUte,  muscovite,  and  quartz. 

Muscovite  occurs  in  graphic  intorgrowth  with  quartz  and  also  in 
books,  many  of  which  are  5  to  6  inches  across.  One  seen  on  the 
waste  pile  was  12  by  14  inches  in  size,  and  another  was  1  foot  long 
and  7  to  8  inches  wide.  A  few  of  the  books  inclose  long,  slender 
crystals  of  opaque  green  tourmahne,  the  largest  observed  being 
4  inches  long  and  one-fourth  inch  in  diameter.  The  finest  musco- 
vite crystal  from  this  locality  known  to  the  writer  is  in  the  public 
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library  at  Paris  and  is  a  clear,  perfect  piece  of  roughly  hexagonal 
outline,  measuring  about  8  by  2}  inches.  Good  specimens  of  plumose 
mica,  produced  by  close-spaced  ruling,  are  also  to  be  found  in  the 
collections  at  Paris.  Where  not  too  intimately  mixed  with  other 
minerals,  the  mica  is  saved  in  the  quarrying  process  and  has  brought 
$25  per  ton  as  taken  from  the  quarry.  At  another  time  12J  cents  per 
poimd  was  offered  for  the  thumb-trimmed  product.  The  largest 
perfect  plates  of  cut  mica  obtained  from  this  material  would  prob- 
ably not  exceed  3  by  4  inches  in  size.  Much  is  defective  owing  to 
wedge  structure  and  ruling  and  is  valuable  only  as  scrap  mica. 

Biotite  is  not  abundant,  but  it  occurs  in  a  few  places  in  its  usual 
form  of  long,  narrow,  and  very  thin  crystals,  the  largest  seen  being  10 
inches  long  and  one-half  inch  wide. 

LepidoUte  or  lithium  mica  is  of  common  occurrence  in  the  pocket- 
bearing  portions  of  the  pegmatite.  The  largest  mass  found,  though 
impure,  is  reported  as  weighing  10  tons,  and  it  is  not  difficult  to  obtain 
fairly  pure  masses  8  or  10  inches  across.  The  mineral  occurs  mostly 
in  the  granular  forms,  though  some  curved  and  globular  crys- 
tals have  been  found.  The  color  varies  from  lavender  to  peach- 
blossom  pink.  The  granular  varieties  commonly  show  some  admix- 
ture of  quartz,  muscovite,  and  clevelandite  and  not  uncommonly 
contain  interbedded  crystals  of  opaque  pink  and  more  rarely  green 
tourmaline;  some  specimens  which  have  been  sawed  into  small  blocks 
and  polished  make  handsome  paperweights.  LepidoUte  from  this 
locaUty  has  been  described  by  Clarke,  who  also  gives  analyses." 

Black  tourmaline  or  schorl,  which  is  the  most  abundant  iron- 
bearing  mineral  present  at  the  quarry,  occurs  in  prismatic  crystals, 
mostly  compound,  many  of  wliich  are  a  foot  in  length  and  4  to  5 
inches  in  diameter.  A  few  having  a  length  of  2  J  feet  wore  seen  by 
the  >\Titer,  and  one  4  feet  in  length  is  described  by  Hamlin.  A  few 
large  compound  prisms  of  black  tourmaline  separate  at  their  ends 
into  a  brushUke  aggregate  of  small  prisms,  the  interspaces  being  filled 
with  quartz  and  an  aggregate  of  minute  muscovite  scales.  The  black 
tourmalines  occur  in  the  solid  pegmatite,  penetrating  it  in  all  direc- 
tions; except  for  a  few  small  crystals,  they  have  never  been  found  in 
pockets.  Some  colored  tourmalines  occur  in  the  soUd  pegmatite  near 
the  pockets,  associated  usually  with  clevelandite,  muscovite,  lepido- 
%hte,  and  quartz;  a  few  of  these  are  curved  tlirough  considerable 
angles.  Most  of  these  colored  crystals  are  opaque,  though  a  few 
small,  delicate,  transparent  ones  are  interleaved  with  muscovite. 
Fine  specimens  of  these  latter  are  foimd  in  the  Carter  collection  in 
the  public  library  at  Paris;  other  specimens  are  much  larger,  some 
containing  interleaved  tourmalines  3  or  4  inches  in  length  and 
one-fourth  inch  or  so  in  thickness.     In  a  few  instances  tourmalines 


•  Clarke,  F.  W., LepidoUte  <rf  Maine:  Bull.  U.  S.  Geol.  Survey  No.  42, 1887,  p.  13. 
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cross  each  other  with  mutual  penetration  about  at  right  angles,  but 
most  commonly  several  crystals  diveige  from  single  points,  formmg 
fan-shaped  aggregates  extending  through  60°,  90®,  or  even  100®. 

None  of  the  above-described  tourmalines  are  of  gem  value. 

Amblygonite  is  the  only  other  mineral  occurring  at  all  abimdantly 
in  the  pegmatite.  It  is  found  only  as  a  constituent  of  the  solid 
pegmatite  in  irregular  masses  often  4  to  8  inches  across.  One  mass 
is  estimated  to  have  weighed  nearly  800  poimds.  The  mineral  usually 
occurs  near  the  pockets  and  is  regarded  as  an  indicator  of  th^ir 
proximity. 

Spodumene  occurs  in  opaque  gray  flat  crystals,  usually  associated 
with  lepidoUte.  One  crystal  measured  2  feet  long,  7  inches  wide, 
and  2  inches  thick.  Portions  of  a  few  of  the  crystals  are  a  trans- 
parent pale  blue  or  pink.  According  to  Mr.  Merrill,  an  abundance 
of  beryl  or  spodumene  about  a  pocket  generally  signifies  that  the 
latter  contains  few  if  any  touimalinos.  A  white  spodumene  crystal 
in  the  Hamlin  collection  at  Paris  is  7  inches  long  and  4  inches  thick 
and  is  split  by  a  wed^e-shaped  mass  of  granular  lepidoUte  tapering 
from  1  inch  to  one-half  inch  in  thickness. 

A[)atite  occure  in  the  solid  pegmatite  in  irregular  opaque  green 
masses,  some  few  of  which  weigh  a  couple  of  pounds.  A  small 
deep-blue  bij)yraniidal  crystal  one-fourth  inch  in  length  with  crystal 
faces  developed  in  remarkable  perfection  has  been  described  and 
(ij^mred  by  Prof.  E.  S.  Dana.^ 

Cassitorite  occui^s  rarely,  usually  associated  with  clevelandite  near 
the  pock(»ts.  Some  crystals  are  found  embedded  in  the  sandlike 
materials  at  the  bottom  of  the  pockets. 

Coluinbite  is  rare  and  usually  occurs  in  irre<i:ular  bladelike  crystals. 

Ai^senopyrite  was  observed  in  veinlike  masses,  mostly  one-eighth  to 
one-fourth  inch  in  width  and  2  or  3  inches  in  length,  flanked  by 
irro(]^dar  bordc^rs  of  quartz,  which  in  turn  are  irregularly  bordered 
by  orthoclaso  and  niicroclino.  The  arsenopyrite  therefore  virtually 
forms  the  central  ])()rtion  of  small  contemporaneous  quartz  veins  or 
lenses  in  the  pc<^matite. 

Trii)hyllitc  occurs  mostly  in  a<^gre<rates,  many  of  which  weigh 
from  10  to  120  pounds  and  a  few  a.s  much  as  50  ])()unds. 

Zircons  occur  mostly  associated  with  tni)hyllite,  few  ciystals  being 
over  onc-ci«j^hth  inch  in  diameter. 

Kaolin  occurs  in  considerable  amounts  in  the  bottoms  of  some  of 
the  ])ockets  as  a  dcconij)ositi()n  ])ro(luct  of  l'clds])ar.  In  the  giant 
j)ockct  shown  in  Plat(^  XIV  oyer  a  ton  of  the  ])Lnk  kaoUii  montmoril- 
lonite  was  a<i:^rc<j:atcd  at  one  end  of  the  ])ockct. 

Other  minerals  found  at  Mount  Mica  are  autunitc,  brookite,  chil- 
drenitc,  daniourite,  halloysite,  lollinirite.  petalite,  jn'rite,  sphalerite, 

a  Am.  Jour.  Sci.,  'M  s^t.,  vol.  27,  ISM.  p.  ISO. 
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yttrocerite;  and  zircon.  Cookeite  from  Mount  Mica  has  been 
described  in  detail  by  Penfield.** 

Oems, — ^The  gem  tourmalines  of  this  locality  show  remarkable 
variety  in  form,  size,  and  color.  Those  of  value  occur  without 
exception  in  the  pockets,  usually  but  not  invariably  detached  from 
their  original  position  on  the  walls  and  lying  at  the  bottom  in  a 
sandlike  matrix  of  kaolin  and  cookeite.  Most  of  them  range  in  color 
from  olive  green  through  emerald  green  to  blue  green;  some  are  nearly 
colorless,  some  show  beautiful  pink  tints,  and  the  central  portions 
of  some  are  a  deep  ruby  red  when  viewed  along  the  main  crystal 
axis;  a  few  are  the  color  of  amber  and  of  port  wine;  and  some  are  a 
purplish  red.  Many  show  a  zonal  distribution  of  colors.  A  polished 
cross  section  of  a  crystal  about  three-fourths  of  an  inch  in  diame- 
ter, preserved  in  the  Cambridge  Museum  of  Natiir^  History,  shows 
a  blue-green  center  about  one-half  inch  across,  surrounded  by  a 
transparent  pink  border  one-eighth  inch  wide,  outside  of  which  is  a 
pale  transparent  .ohve-green  border  about  one-sixteenth  inch  wide. 
Crystals  with  pink  centers  and  oUve-green  borders  are  not  uncommon. 
One  shade  commonly  predominates  in  a  pocket,  but  some  pockets 
contain  gems  of  different  colors.  Some  single  crystals  shade  from 
white  at  one  termination  to  emerald  green,  then  to  light  green  and 
piak,  and  finally  to  colorless  at  the  other  termination.  Green  crystals 
tipped  with  pink  are  especially  common.  Grenerally  these  transitions 
of  color  are  very  gradual,  but  in  some  specimens  the  colors  are  not 
mingled  in  the  least,  and  the  crystals,  though  crystallographically  con- 
tiDuous  throughout,  seem  to  be  composed  of  several  distinct  sections. 

In  some  pockets  the  tourmalines  when  first  disclosed  lie  in  apparent 
perfection  of  form  and  color  in  their  clayey  matrix,  bilt  crumble 
away  as  soon  as  touched.  In  others  certain  portions  only  of  the 
crystals  crumble  away,  leaving  a  smooth  nodule  of  perfectly  fresh 
tourmaline,  usually  beautifully  transparent  and  in  form  resembling 
somewhat  the  nodules  produced  by  the  etching  of  quartz  crystals 
with  hydrofluoric  acid.  Some  of  the  finest  gems  have  been  cut  from 
such  uodules.  Some  hollow  crystals  of  tourmaline  are  found,  com- 
monly of  small  diameter,  but  including  some  as  much  as  an  inch  in 
length;  they  were  probably  produced  through  disintegration  of  the 
core  of  the  crystal.  Some  tourmalines  have  not  only  suffered  dis- 
integration, but  have  been  partly  or  entirely  removed,  leaving  only 
their  impressions  in  the  kaolin  which  formed  the  matrix. 

In  size  the  colored  tourmaline  crystals  differ  greatly,  ranging  from 
those  of  needle-Uke  dimensions  to  the  large  ones  described  below. 
Many  of  the  largest  are  compound. 

Anything  like  a  complete  descriptive  list,  even  of  the  larger  and 
finer  tourmalines  found  at  Mount  Mica,  is  impracticable  in  this  report, 
but  a  few  of  the  most  remarkable  will  be  briefly  described. 

•  Prafleld,  S.  F.,  On  cookeite  from  Paris  and  Hebron,  Me.:  Am.  Jour.  Sd.,  3d  ser.,  vol.  45,  pp.  393-^06. 
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The  largest  tourmaline  ever  found  at  Mount  Mica  came  from  the 
pocket  shown  in  Plate  IX,  B,  and  is  itself  figured  in  Plate  XIV.  It 
is  now  in  the  Paris  library,  to  which  it  has  been  loaned  by  Edward 
Hamlin,  of  Boston.  It  is  15^  inches  long,  7  inches  in  maximum 
breadth,  weighs  31  i  pounds,  and  is  valued  at  not  less  than  $400. 
As  shown  in  the  plate,  the  base  is  fractured  so  that  the  crystal  is  now 
in  three  segments.  The  crystal  is  transparent  to  translucent  grass 
green  at  the  tip,  where,  too,  the  prism  faces  are  best  developed.  The 
middle  and  lower  flanks  of  the  terminal  segment  are  made  up  of  a 
mass  of  small  colorless  to  pale-pink  or  brownish  prisms  between  one- 
eighth  and  one-fourth  inch  in  diameter,  many  of  them  set  at  all  sorts 
of  angles  to  the  main  axis  of  the  compound  crystal.  A  small  crystal 
of  white  quartz  about  2  inches  long  is  attached  to  the  side  of  this 
segment.  The  basal  segments,  which  are  about  4  inches  across,  show 
an  alternation  of  small  translucent  to  opaque  pink  and  green  prisms, 
the  colors  grading  into  one  another  parallel  to  the  pri^m  axes  and 
also  across  them. 

The  same  pocket  contained  another  compound  tourmaline  crystal, 
somewhat  similar  to  that  just  described  in  its  general  form  and  very 
similar  in  coloring,  but  smaller.  Its  length  is  about  10  inches,  its 
maximum  width  3i  inches,  and  its  weight  6|  pounds.  It  is  now  in 
the  possession  of  Mr.  Merrill. 

Besides  these  two  compound  crystals  the  pocket  yielded  two  simple 
crystals,  one  of  which  is  shown  in  Plate  XV  in  natural  size.  The 
upper  segment  of  this  is  in  Mr.  Merrill^s  possession,  the  lower  having 
been  cut  into  gems.  The  companion  crystal,  wliich  was  slightly 
smaller,  is  the  property  of  the  Hamlin  estate.  Both  crystals  are 
green  in  the  upper  part  and  pink  and  red  at  the  base.  They  are 
transparent  to  translucent,  and  the  segment  which  is  in  Mr.  Merrill's 
possession  may  contain  some  gem  material  in  its  upper  portion. 
The  same  pockst  also  yielded  many  small  crystals  of  green  and  red, 
which  furnished  about  75  carats  of  cut  gems,  mostly  red  and  pink, 
but  some  green.  Three  nodules  of  colorless  tourmaline  were  also 
found,  one  of  which  would  cut  an  (S-carat  stone.  Some  of  these  were 
remarkably  limpid  and  l)rilliant  when  cut.  In  all,  there  were  about 
75  pounds  of  tourmalilie  crystals  in  this  pocket.  The  two  largest 
tourmaline  groups  and  most  of  the  otliere  lay  loose  in  the  disinte- 
grated clevelandite  and  cookeite  in  the  bottom  of  the  pocket.  No 
kaolin  was  present.  Lepidolite  occurred  around  the  walls  and 
across  the  bottom.  Many  quartz  crystals  lay  loose  in  the  bottom  of 
the  pocket,  the  u])per  ones  having  the  apices  of  the  crystals  downward, 
showing  that  they  had  fallen  from  the  roof. 

A  large  tourmaline,  consisting  of  a  bundle  of  prisms  diverging 
slightly  toward  the  apex  of  the  crystal,  is  now  in  the  Cambridge 
Museum  of  Natural  History.     It  is  7  inches  long,  3i  inches  wide  near 
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the  apex,  and  2^  inches  wide  at  the  base.  Most  of  the  crystal  is  a 
deep  grass  green,  but  at  the  base  the  outer  green  layers  have  shelled 
off,  revealing  a  cone  of  deep  pink,  which,  however,  does  not  appear 
to  penetrate  far.  The  base,  a  nearly  straight  surface  inclined  about 
70°  to  the  main  prism  axis,  appears  to  be  a  fracture  surface  and  is 
conchoidal.  It  is  partly  coated  with  cookeite,  as  are  the  lower  flanks 
of  the  prism,  showing  that  the  crystal  had  become  detached  from  its 
original  position  on  the  wall  of  the  pocket  before  the  cookeite  was 
deposited.  The  summit  terminations  are  not  crystal  faces,  but  are 
fracture  planes  standing  nearly  at  right  angles  to  the  main  axis.  The 
sides  are  closely  and  beautifully  striated.  The  crystal  is  transpar- 
ent to  translucent  and  does  not  appear  to  contain  any  gem  material. 
This  tourmaline  was  the  largest  found  in  the  giant  pocket  shown  in 
Plate  Xin.  It  lay  loose  in  th,e  bottom  in  a  mass  of  kaolin  and  of 
cookeite  sand.  A  few  other  smaller  tourmalines  were  found,  but 
none  were  of  gem  quality,  and  in  proportion  to  its  great  size  the 
pocket  was  remarkably  unproductive.  The  pocket  contained  large 
amounts  of  massive  and  crystal  quartz  plugged  full  of  small  opaque 
tourmaline  crystals.  In  one  end  there  was  about  a  ton  of  the  pink 
kaolin  montmorillonite. . 

The  largest  transparent  crystal  of  green  tourmaline  found  at  Mount 
Mica  was  discovered  by  Samuel  R.  Carter  in  1886  and  is  now  in  the 
Cambridge  Museum  of  Natural  History.  It  is  10  inches  in  length, 
2J  inches  in  diameter,  and  weighs  41  ounces.  Both  terminations 
have  been  preserved,  but  they  are  not  at  all  perfect.**  Although 
broken  into  four  pieces,  the  parts  have  been  easily  joined  by  cement. 
Its  middle  portion  would  probably  yield  some  fine  gems.  This 
crystal  came  from  an  unusually  large  pocket  4  feet  in  diameter,  along 
whose  sides  and  at  whose  bottom,  embedded  in  a  sand  of  decom- 
posed cookeite,  lepidolite,  etc.,  were  found  fragments  of  certainly 
50  well-defined  tourmaUne  crystals. 

The  most  remarkable  crystal  of  white  tourmaline  or  achroite 
found  at  this  locality  is  also  in  the  Cambridge  Museum  of  Natural 
History.  It  was  obtained  in  1869  from  a  large  pocket  which  yielded 
several  other  crystals  of  smaller  size.  This  crystal  is  transparent, 
but  when  viewed  in  light  transmitted  at  right  angles  to  its  axis  appears 
smoky  toward  the  base;  when  viewed  along  the  axis  its  hue  is 
crimson.  Both  ends  are  tipped  with  green,  but  its  terminal  faces  are 
not  preserved.     Its  length  is  about  4  inches  and  its  width  1 J  inches. 

The  finest  crystal  of  blue  tourmaline  or  indicoUte  found  at  Mount 
Mica  is  in  the  HamUn  cabinet.  It  is  transparent  throughout  its 
entire  shaft,  although  broken  into  five  parts.  Both  terminations  are 
preserved.     The  color,  when  viewed  at  right  angles  to  the  prism 

a  Hamlin,  A.  C,  The  history  of  Mount  Mica,  PI.  XXX  and  pp.  39-40. 
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length,  is  a  beautiful  sapphire  blue^  changing  at  the  top  into  a  deli- 
cate green.  It  is  about  4  inches  long  and  one-half  inch  in  diameter. 
It  is  illustrated  in  color  in  *'The  history  of  Mount  Mica,"  Plate  XXVI. 

A  remarkable  curved  crystal  of  gray  to  green  tourmaline,  trans- 
parent to  translucent  in  places,  was  found  in  1891,  and  is  now  in  the 
Carter  collection  in  the  pubUc  Ubrary  at  Paris.  It  is  about  5  inches 
long  and  three-fourths  to  1  inch  in  diameter,  and  is  curved  through 
an  angle  of  about  20^. 

The  largest  flawless  gem  ever  cut  from  tourmaline  from  Mount 
Mica  weighs  69}  carats  and  is  now  in  the  Tiffany  collection.  It  was 
part  of  a  crystal  found  in  November,  1893,  and  was  sold  by  Merrill 
&  Stone  for  $1,000.  The  crystal  from  which  it  came  is  described 
and  figured  in  "The  history  of  Mount  Mica,''  page  71  and  Plate 
XLIII.  It  yielded  a  number  of  other  fine  gems,  one  of  which,  a 
pink  one,  weighed  18  carats. 

What  is  probably  the  largest  flawless  piece  of  transparent  tourma- 
line known  is  in  the  possession  of  L.  B.  Merrill,  its  finder,  the  present 
operator  of  the  Mount  Mica  mine.  In  its  uncut  condition  it  weighs 
411  carats.  It  formed  the  tip  of  a  crystal  8  inches  long  and  1  inch 
in  diameter,  much  of  which  was  greatly  disintegrated. 

Beryl  occurs  principally  in  the  solid  pegmatite,  though  occasionally 
found  in  the  pockets.  The  varieties  found  in  the  solid  pegmatite  are 
mainly  pale  blue-green  and  opaque  or  translucent.  Certain  small 
portions  of  the  crystals  may  be  transparent,  and  from  these  some 
small  aquamarines  of  good  quality  have  been  cut.  One  beryl  6 
inches  across,  observed  by  the  writer,  inclosed  both  muscovite  and 
black  tourmaline.  The  beryl  found  in  the  pockets  is  mostly  color- 
less to  pale  pink  caesium  beryl;  it  cuts  into  gems  which  in  artificial 
light  have  almost  the  beauty  of  diamonds.  It  is  apt  to  occur  in 
short,  button-shaped  prisms,  many  with  both  terminations  complete. 
Two  fine  specimens  of  caesium  beryl  are  in  the  Hamlin  collection  at 
the  Paris  public  library.  One  is  about  6  inches  in  diameter  and  1 
inch  high  and  has  tliree  sides  of  the  hexagonal  prism  perfect.  The 
other  is  about  6  inches  high,  shows  a  good  basal  plane,  four  prism 
faces  quite  perfect  for  most  of  their  lengtli,  and  two  pyramid  faces. 
These  crystals  are  only  in  small  part  transparent  and  are  much  flawed 
and  iron  stained  along  fractures. 

Production  and  method  of  mining, — It  is  impossible  accurately  to 
estimate  the  amount  and  value  of  material  for  gems  and  museum 
specimens  which  Mount  Mica  has  yielded,  but  Hamlin  in  his  history 
of  Mount  Mica  estimated  that  up  to  1895  the  locality  had  yielded 
more  than  100  tourmaline  crystals  wliicli  would  be  considered 
unusually  fine  specimens  of  the  mineral,  besides  many  thousand 
smaller  crystals.  The  total  value  of  the  gems  and  cabinet  specimens 
which  have  been  taken  from  the  locality  up  to  the  present  day 
probably  exceeds  $50,000. 
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The  mine  is  worked  by  Merrill  &  Stone,  the  drilling  being  done  by 
hand  and  the  blasting  with  black  powder,  so  as  to  run  as  little  risk 
as  possible  of  shattering  valuable  gem  material.  A  derrick  operated 
by  a  horse  windlass  is  used  in  transferring  the  waste  rock  to  the 
dump.  At  present  it  is  necessary  to  remove  a  considerable  thick- 
ness of  schist  overlying  the  pocket-bearing  layer.  It  is  probable 
that  the  thickness  of  the  cover  rock  increases  southward,  and  that 
in  the  near  future  tunneling  will  be  found  the  most  economical  method 
of  working. 

PERU. 

The  pegmatites  of  Peru  were  studied  at  only  one  locality,  an  old 
mica  prospect  on  the  farm  of  J.  P.  York  near  the  central  part  of  the 
town.  The  mine  is  located  near  the  summit  of  the  southwest  slope 
of  a  steep  hill  and  was  worked  only  in  the  summer  of  1902. 

The  whole  pegmatite  mass  is  hardly  over  150  feet  wide  on  the 
level  of  the  principal  openings  and  appears  to  have  the  form  of  an 
irregular  lens  elongate  in  a  general  east-west  direction.  The  border- 
ing rock  is  a  granite  gneiss  locally  very  rich  in  biotite.  The  openings 
are  below  the  crest  of  the  hill,  and  as  the  pegmatite  mass  is  traced 
eastward  toward  the  summit  it  is  found  to  be  associated  with  larger 
and  larger  amounts  of  granite  gneiss.  The  lowermost  exposures  on 
the  hill  slope  also  show  much  granite  gneiss  associated  with  the  peg- 
matite; the  latter  therefore  appears  to  pinch  out  rather  rapidly  both 
above  and  below,  and  consequently  to  be  of  rather  small  extent. 
The  trend  of  the  granite  gneiss  where  it  borders  the  pegmatite  on  the 
north  is  about  N.  70°  E. ;  its  folia  dip  steeply  to  the  northwest. 

The  pegmatite  varies  greatly  in  coarseness  from  point  to  point. 
Its  dominant  components  are  orthoclase-microcline,  quartz,  mus- 
covite,  and  biotite.  A  few  feldspar  crystals  are  3  feet  across,  but  for 
the  most  part  this  mineral  is  so  intimately  mixed  with  biotite  as  to  be 
commercially  valueless.  Locally  the  biotite  forms  blades  4  to  5  feet 
long  and  2  to  3  inches  wide.  Some  crystals  show  muscovite  surround- 
ing biotite  in  parallel  growth.  No  muscovite  books  more  than  3  to  4 
inches  across  were  seen  either  in  the  solid  pegmatite  or  in  the  dump 
piles  of  the  mine,  and  specimens  preserved  at  a  neighboring  farm- 
house and  said  to  be  as  good  as  any  of  the  mica  obtained  would  none 
of  them  cut  pieces  of  clear  mica  measuring  more  than  2  by  3  inches. 
There  is  no  distinct  vein  particularly  rich  in  muscovite  and  the  prop- 
erty can  not  be  regarded  as  a  conomercial  proposition  for  mica 
mining. 

RUMFORD. 

The  town  of  Rumford  is  occupied  by  quartz-mica  schists,  intruded 
and  in  some  places  intimately  injected  by  granite  and  pegmatite. 
The  relations  at  a  number  of  localities  throw  light  on  the  genesis  of 
the  rock  concerned. 
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Vicinity  of  Rumford  Falls, — The  exposures  examined  were  on  the 
east  shore  of  Androscoggin  River  at  the  falls,  a  mile  or  so  above 
Rumford  Falls  village.  The  schi^s  are  dark  gray  to  purplish  on 
the  fresh  surfaces  and  purpUsh  to  rusty  brown  on  the  weathered 
surfaces.  They  are  gametiferous  quartz-mica  schists  and  strike  N. 
30**  to  40**  W.,  with  dips  of  20°  to  30**  NE.  The  schists  are  intruJed 
by  sills  and  dikes  of  fine-grained  gray  granite,  by  pegmatite,  and  by 
small  quartz  veins. 

An  instructive  contact  between  the  schist  and  pegmatite  is  shown 
in  Plate  X,  J?,  and  has  already  been  described  on  pages  34. 

Another  intrusive  mass  in  the  schists  is  of  irregular  sill-like  form, 
and  consists  partly  of  biotite  granite  and  partly  of  pegmatite.  It  is 
interesting  because  of  gradual  and  complete  gradation  between 
granite  and  pegmatite.  The  biotite  granite  is  gray  in  color  with  an 
average  size  of  grain  of  not  over  1  millimeter.  The  pegmatite  in 
addition  to  quartz  and  feldspar  shows  muscovite,  but  very  little 
biotite. 

A  number  of  small  dikes  of  fine-grained  granite  intrude  the  schists 
at  this  locality,  both  parallel  to  and  transverse  to  the  trend  of  the 
latter.  All  of  these  are  characterized  by  sharp  parallel  Walls  and 
are  in  great  contrast  to  the  pegmatite  dikes  which  traverse  the  same 
schists  but  are  characterized  by  wavy  and  irregular  forms,  the  two 
sides  of  the  dike  or  sill  in  few  places  being  parallel.  The  intrusion 
of  the  schist  by  the  fine-grained  granite  in  the  railroad  cut  opposite 
the  falls  is  so  intimate  that  a  dike  network  results. 

Microscopic  comparisons  were  made  between  the  medium-grained 
granite  of  this  locality  and  the  peginatitt^  of  an  irregular  dike  cutting 
the  granite.  The  dike  is  exposed  for  20  feet  and  is  1  foot  wide  at  its 
base,  but  broadens  upward  within  2  feet  to  a  width  of  4  feet,  thence 
narrowing  again  within  a  few  feet  to  a  width  of  1  foot.  There  is 
complete  crystallographic  continuity  between  the  two  rocks  at  their 
contact,  but  the  transition  from  one  to  the  other  is  usually  complete 
in  a  space  of  one-fourth  to  one-half  inch.  The  minerals  character- 
istic of  the  two  rocks  are  identical. 

The  granite  shows  considerable  and  irregular  variations  in  color, 
due  to  differences  in  the  abundance  of  biotite.  Few  of  its  mineral 
grains  exceed  one-eighth  inch,  and  tlieir  averaj^c  size  is  about  one- 
sixteenth.  Its  dominant  minerals  are  quartz,  orthoclase  and  micro- 
cline,  oligoclase  (extinction  angles  up  to  13°;  refractive  index  about 
equal  to  balsam),  and  biotite.  Garnet  and  muscovite  are  subordinate 
accessories.  Oligoclase  appears  to  be  only  slightly  less  abundant 
than  the  potash  feldspars.  Small  quartzes  of  rounded  cross  section 
and  a  few  with  hexagonal  outlines  (some  with  cornei*s  rounded)  are 
inclosed  by  orthoclase,  microcline,  or  other  quartz.  A  few  small  biotite 
laths  are  wholly  inclosed  by  oligoclase,  and  a  few  rounded  crystals 


OXFORD  COUNTY.  95 

of  oligoclase  are  inclosed  by  orthoclase.     These  relations  point  to  the- 
existence  in  the  magma  of  small  crystals  of  quartz,  biotite,  and 
oligoclase  not  long  before  the  bulk  of  the  rock  crystallized.    A  few 
small  areas  show  an  intergrowth,  more  or  less  graphic  in  pattern, 
of  quartz  with  oligoclase  or  microcline. 

The  minerals  of  the  pegmatite  are  identical  with  those  of  the 
granite,  but  form  much  larger  crystals  and  exhibit  markedly  greater 
diversity  in  the  size  of  the  mineral  grains.  Microcline  is  the  dominant 
feldspar,  and  much  of  it  is  perthitically  intergrown  with  plagioclase, 
which  appears  to  be  albite-oligoclase  in  composition.  The  same 
plagioclase  also  forms  separate  crystal  grains,  usually  much  smaller 
than  those  of  microcline.  Biotite  is  abundant  and  has  altered  some- 
what to  chlorite.  In  a  few  places  quartz  is  micrographically  inter- 
grown w4th  the  plagioclase.  Many  small  quartzes  of  rounded  out- 
line or  showing  hexagonal  forms  with  rounded  comers  are  inclosed 
by  the  microcline.    Muscovite  is  rare. 

The  mineralogical  similarity  of  these  two  rocks  even  as  regards 
the  composition  of  the  plagioclase,  and  the  presence  in  both  of  small 
quartzes  of  an  earlier  crystallization  inclosed  by  later  feldspar,  taken 
in  connection  with  their  close  field  association,  suggest  their  deriva- 
tion from  the  same  magma  tic  source. 

Blade  Mountain  mica  mine, — A  mine  which  has  been  operated  for 
scrap  mica  by  Oliver  Gildersleeve,  of  Gildersleeve,  Conn.,  is  located 
on  Black  Mountain  in  the  northern  part  of  the  town  of  Rumford. 
The  two  quarry  pits  are  hillside  excavations  about  two-tliirds  of  the 
way  up  the  mountain  on  its  western  slope  and  are  about  three- 
fourths  of  a  mile  from  the  road  between  North  Rumford  and  Rox- 
bury  Notch.  The  upper  pit  is  about  200  feet  long,  50  feet  wide, 
and  25  feet  in  greatest  depth.  Another  just  below  it  on  the  slope  is 
about  100  feet  wide,  100  feet  long,  and  35  feet  in  maximum  depth. 

The  rock  at  these  pits  is  an  exceedingly  coarse  pegmatite  which 
is  intrusive  in  an  irregular  manner  in  metamorphosed  sediments 
trending  N.  SO"*  to  40^  W.  and  dipping  70°  to  80°  NE.  The  latter 
are  slightly  contorted  but  reveal  their  sedimentary  origin  through 
an  alternation  of  quartzitic  and  more  slialy  beds. 

The  pegmatite  here  shows  some  characters  which  differentiate  it 
from  any  of  the  other  deposits  studied,  though  in  general  its  char- 
acters approach  more  closely  to  the  pegmatite  of  the  gem-tourmaline 
localities  than  to  that  of  the  other  mica  prospects  in  the  State. 
Potash  feldspar  is  almost  entirely  absent,  the  dominant  feldspar 
being  albite  of  the  bladed  clevelandite  variety.  Muscovite  is  the 
mineral  next  in  abundance,  constituting  about  30  to  40  per  cent  of 
the  whole  deposit.  Locally,  however,  it  forms  three-fourths  of  the 
pegmatite  mass.  The  largest  crystal  of  mica  seen  by  the  >\Titer  was 
IJ  feet  wide  and  3  feet  long,  but  blade-shaped  or  spearhead-shaped 
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crystals,  1  to  2  feet  long,  are  very  common.  Some  masses  weighing 
half  a  ton  are  almost  purely  mica.  All  of  the  mica  shows  one  or 
more  of  the  defects  known  as  twinning,  wedge  structure,  and  ruling. 
None  of  it  will  yield  any  plate  mica.  Several  of  the  mica  books  ob- 
served were  1  foot  thick  (at  right  angles  to  the  cleavage).  Near  the 
walls  of  the  pegmatite  mass  the  mica  books  tend  to  orient  themselves 
with  their  long  axes  perpendicular  to  the  contact,  though  only  within 
6  inches  or  so  of  the  wall  is  there  any  noticeable  decrease  in  the  coarse- 
ness of  the  pegmatite.  The  quartz  of  this  pegmatite  is  mostly  opaque 
but  is  pure  white.  Spodumene  is  unusually  abundant  in  long  flat 
crystals,  some  of  them  2^  feet  long  and  3  to  4  inches  thick.  The 
color  is  light  gray  to  white.  Some  of  the  spodumene  is  intimately 
intergrown  with  quartz. 

A  remarkable  feature  of  this  deposit  is  the  presence  in  the  peg- 
matite of  irregular  masses  of  medium-grained  granite,  which  in  some 
parts  consists  of  muscovite,  quartz,  and  plagioclase,  and  along  cer- 
tain bands  or  irregular  bunches  is  one-third  to  one-half  bright  pink 
tourmaline,  producing  a  stone  of  considerable  beauty.  Under  the 
microscope  the  principal  minerals  are  seen  to  be  quartz,  muscovite, 
pink  tourmaline,  and  basic  oligoclase  (extinction  angles  up  to  17®; 
refractive  index  near  balsam).  In  the  thin  section  only  very  faint 
pleochroism  is  seen  in  the  tourmaline.  Tourmaline  constitutes  the 
largest  crystals  in  the  rock  and  shows  a  tendency  toward  the  devel- 
opment of  radiate  bundles,  one-eighth  to  one-fourth  inch  across, 
made  up  of  small  prisms.  The  average  size  of  grain,  exclusive  of  the 
tourmaline  crystals,  is  from  0.3  to  0.6  millimeter.  This  granite  is 
plainly  a  crystallization  from  the  pegmatite  magma  and,  like  the 
pegmatite,  numbers  quartz,  muscovite,  and  pink  tourmaline  among 
its  chief  constituents.  Many  large  spodumene  crystals  are  embedded 
in  this  tourmaline  granite.  Its  quantity  and  uniformity  are  not 
sufficient  to  give  it  any  commercial  importance. 

In  the  pegmatite,  greenish-black  tourmaline  occurs  in  crystals 
averaging  one-half  inch  to  H  inches  in  diameter  and  4  to  8  inches  in 
length.  They  are  commonly  associated  with  quartz  or  clevelandite 
and  only  rarely  are  in  contact  with  muscovite,  being  rare  in  the  more 
micaceous  parts  of  the  pegmatite.  Pink  to  gray  opaque  tourmaline 
also  occurs,  generally  surrounded  by  quartz.  One  aggregate  exposed 
in  a  loose  quartz  fragment  is  7  inches  long.  It  is  a  brush-shaped 
aggregate  of  tourmaline  crystals  and  enlarges  from  a  diameter  of 
about  2i  inches  at  the  base  to  about  4  inches  at  the  top,  the  cross 
section  being  nearly  circular. 

Most  of  the  schist  exposed  near  this  mine  is  somewhat  weathered. 
Noticeable  contact  metamorphism,  though  confined  to  the  immediate 
vicinity  of  the  pegmatite,  has  been  more  severe  than  along  most  of 
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the  pegmatite  contacts  studied.  It  has  resulted  in  the  abundant 
development  of  prisms  of  cinnamon-brown  tourmaline  from  one- 
fourth  to  one-half  inch  long  and  one-sixteenth  to  one-eighth  inch  in 
diameter  in  certain  of  the  more  muscovitic  layers.  More  biotitic 
portions  present  a  mottled  appearance,  due  to  the  occurrence  of  the 
biotite  in  irregular  aggregates  one-eighth  to  one-fourth  inch  in 
diameter.  Under  the  microscope  this  mottled  rock  is  seen  to  con- 
sist of  brown  biotite,  light-green  hornblende,  quartz,  labradorite, 
titanite,  magnetite,  and  apatite,  the  latter  in  small  hexagonal  prisms 
filled  with  a  cloud  of  very  minute  inclusions.  The  tendency  to  ag- 
gregation of  the  biotite,  hornblende,  titanite,  and  magnetite  gives 
the  mottled  appearance,  the  white  intervening  areas  being  largely 
quartz  and  labradorite.  The  mineral  grains  of  this  rock  are  inter- 
locking and  the  texture  granular  and  indistinguishable  from  that 
of  an  igneous  rock.  Field  relations  show,  however,  that  the  rock 
is  a  phase  of  the  sedimentary  schist  wall  rock  which  has  undergone 
complete  recrystallization. 

It  is  notable  that  neither  of  the  metamorphosed  phases  of  the 
wall  rock  described  above  contains  any  minerals,  except  the  common 
ones,  quartz  and  muscovite,  that  are  characteristic  of  the  neigh- 
boring pegmatite.  The  tourmaline  of  the  schist  is  brown  and  wholly 
dissimilar  from  any  found  in  this  or  any  other  pegmatite  of  the 
State.  Additions,  if  any,  received  by  the  wall  rock  from  the  peg- 
matite during  the  complete  recrystallization  of  the  former  were  ionic 
in  their  character,  the  minerals  characteristic  of  the  pegmatite,  with 
the  possible  exception  of  quartz,  not  being  added  as  such  to  the 
intruded  rock. 

The  quarry  was  opened  in  about  1901  by  Oliver  Gildersleeve  and 
has  been  worked  for  four  seasons.  About  250  tons  of  mica  is 
reported  to  have  been  mined  in  1905.  The  quarry  was  idle  through- 
out 1906,  in  which  year  the  writer  visited  it,  and  so  far  as  is  known  has 
not  reopened  since.  Steam  drills  were  employed  and  sheds  built 
for  hand  picking  the  mica,  which  was  packed  in  100-pound  bags  and 
hauled  hj  team  7  miles  to  Frye,  on  the  Rangeley  division  of  the 
Maine  Central  Railroad.  From  Frye  it  was  shipped  to  a  grinding 
mill  at  Gildersleeve,  Conn.  About  1,000  tons  in  all  are  reported  to 
have  been  shipped.  The  quantity  of  scrap  mica  still  available  at 
this  quarry  is  large,  but  there  is  no  plate  mica,  nor  is  it  probable  that 
further  excavation  will  disclose  any.  It  is  doubtful  if  at  present  the 
property  can  be  profitably  exploited  for  scrap  mica  in  view  of  the 
fact  that  the  refuse  cuttings  from  plate  mica  properties  appear  able 
to  meet  entirely  the  present  demand  for  scrap  mica. 
«3096°— Bull.  445—11 7 


98  PEGMATITES  AND  ASSOCIATED  ROCKS  OF   MAINE. 

STANDISH. 

The  rocks  of  Standish  were  studied  only  in  the  western  part  of  the 
town,  in  the  Spence  Hills,  which  lie  about  5  miles  north-northeast 
of  Paris  village.  The  rocks  are  schists  of  the  same  metamorphic- 
sedimentary  type  observed  in  the  town  of  Paris,  and  are  rather  flat 
lying.  As  in  Paris,  they  are  intruded  by  granite  and  pegmatite,  but 
these  rocks  are  much  less  abundant  than  at  most  places  in  Paris,  and 
large  masses  of  the  schist  are  wholly  free  from  granitic  material  of 
any  kind. 

The  collection  of  the  Sheffield  Scientific  School  of  Yale  University 
contains  several  fine  crystals  of  columbite  from  the  p^matites  of 
this  town. 

STONEHAM. 
GEOLOGY. 

The  rocks  of  the  town  of  Stoneham  are  almost  exclusively  gneisses 
intruded  by  pegmatite  and  granite,  the  igneous  rocks  being  on  the 
whole  more  abundant  than  in  most  of  the  towns  to  the  east. 

Excellent  exposures  on  the  south  shore  of  Keewaydin  Lake  (Lower 
Stone  Pond),  near  the  village  of  East  Stoneham,  show  rather  fine- 
grained pegmatite  intruding  a  purplish-gray  gneiss,  indistinguishable 
in  the  field  from  certain  gneisses  exposed  at  the  Auburn  reservoir 
site  on  Golf  Hill.  This  rock  is  a  quartz-feldspar-muscovite-biotite 
schist  whose  origin  can  not  be  definitely  stated.  It  closely  resembles 
many  phases  of  the  sedimentary  schists  which  have  been  intensely 
injected  by  pegmatite  and  may  be  of  similar  origin.  Both  schist 
and  pegmatite  are  intruded  at  "Striped  ledge,"  on  this  lake,  by  a 
remarkable  dike  network  of  fine-grained  diabase.     (See  PL  XVI,  A.) 

Granite  found  a  few  miles  west  of  Keewavdin  Lake,  in  the  bed  of 
a  creek  flowing  into  Upper  Kezar  Lake,  is  a  millimeter-grained,  light- 
gray  rock,  in  which  a  faint  gneissic  habit  is  recognizable,  due  to  the 
occurrence  of  biotite  in  slightly  greater  abundance  along  certain 
vaguely  defined  bands  than  along  others.  The  microscope  shows  its 
minerals  to  be  quartz,  albite,  biotite  (partly  altered  to  chlorite),  and 
a  little  muscovite.  The  rock  differs  from  most  of  the  granites  of 
Maine  in  being  a  soda  granite,  potash  feldspar  being  apparently 
wholly  absent.     The  microscopic  texture  is  typically  granitic. 

GEM    LOCALITIES. 

Pegmatites  have  not  been  systematically  worked  at  any  place  in 
this  town  but  have  yielded  to  prospectors  and  mineral  collectors  a 
large  number  of  beryls,  some  of  which  are  among  the  finest  of  their 
kind,  and  also  fine  specimens  of  topaz,  amethyst,  beryllonite,  and 
other  minerals.  Some  of  the  finest  of  these  specimens  have  been 
obtained  from  localities  which  can  not  now  be  identified. 


B.    QUAFtTZ  DIKE  CmTING  PEGMATITE  AT  HOWE  QUARRV,  SOUTH  GLASTONBURY,  CONN. 
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Sugar  HiU. — Two  fine  aquamarines,  found  near  Sugar  Hill,  in  the 
western  part  of  Stoneham,  are  described  as  follows  by  Kunz:  * 

The  writer  obtained  at  Stoneham,  Oxford  County,  Me.,  two  beryls,  exceptional  for 
the  United  States.  These  were  found  in  1881,  several  miles  apart  and  several  miles 
from  the  topaz  region,  by  farmers  who  were  traversing  pastures  in  the  township. 
The  first  was  found  in  two  pieces,  as  if  it  had  been  roughly  used,  and  broken,  and 
discarded  as  worthless,  or  else  broken  in  taking  from  the  rock  and  then  rejected,  its 
value  not  being  known.  This  crjrstal  measured  4§  inches  (120  millimeters)  long  and 
2^0  inches  (54  millimeters)  wide,  and  was  originally  about  5  inches  (130  millimeters) 
long  and  3  inches  (75  millimeters)  wide.  The  color  was  rich  sea  green  viewed  in 
the  direction  of  the  longer  axis  of  the  prism,  and  sea  blue  of  a  very  deep  tint  through 
the  side  of  the  crystal.  In  color  and  material  this  is  the  finest  specimen  that  has 
been  found  at  any  North  American  locality,  and  the  crystals,  unbroken,  would  equal 
the  finest  foreign  crystals  known.  It  furnished  the  finest  aquamarine  ever  found  in 
the  United  States,  measuring  1}  inches  (35  millimeters)  by  1{  inches  (35  millimeters) 
by  three-fourths,  inch  (20  millimeters).  It  was  cut  as  a  brilliant  and  weighs  1331 
carats.  The  color  is  bluish  green,  and,  with  the  exception  of  a  few  hair-like  internal 
striations,  is  perfect.  In  addition  to  this  remarkable  gem,  the  same  crystal  furnished 
over  300  carats  of  fine  stones. 

The  other  crystal  is  doubly  terminated,  being  If  inches  (41  millimeters)  long  and 
I  inch  (15  millimeters)  in  diameter.  Half  of  it  is  transp$u?ent,  with  a  faint  green 
color;  the  remainder  is  of  a  milky  green  and  only  translucent. 

The  large  133-carat  gem  cut  from  the  first  of  these  two  crystals  is 
now  in  the  possession  of  the  Field  Museum  of  Natural  History  at 
Chicago. 

Fine  crystals  of  golden  beryl  have  been  obtained  at  Edgecomb 
Mountain  in  Stoneham. 

On  the  south  flank  of  Sugar  Hill  a  ledge  of  coarse  pegmatite  has 
yielded  a  number  of  fine  transparent  beryls.  The  pegmatite  mass 
here  appears  to  be  rather  flat  lying  and,  as  exposed  in  a  near-by 
vertical  face,  is  at  least  15  feet  in  thickness;  it  can  be  followed  for 
100  feet  or  so  along  the  hillside.  The  buff-colored  potash  feldspar 
of  this  ledge  forms  large  enough  crystals  and  is  sufficiently  free  from 
iron-bearing  minerals  to  be  of  commercial  grade  for  pottery  purposes, 
but  its  distance  from  the  railroad  would  render  its  exploitation 
unprofitable  at  the  present  time. 

Crystals  of  beryllonite,  a  phosphate  of  beryllium  and  sodium,  have 
been  found  in  western  Stoneham  on  the  farm  of  Eldin  McAllister,  on 
the  south  side  of  Sugar  Hill,  a  few  rods  below  the  beryl  locality  just 
described.  When  visited  by  the  writer,  in  September,  1906,  the  only 
opening  consisted  of  a  small  pit  dug  in  the  talus  and  glacial  drift 
near  the  foot  of  the  hill.  The  soil  in  which  the  beryllonite  crystals 
were  found  contains  also  fragments  of  quartz,  feldspar,  and  mica,  and 
a  few  of  apatite,  beryl,  cassiterite,  columbite,  and  triplite.  Some  of 
the  beryllonite  crystals  themselves  are  attached  to  apatite  and  some 
retain  what  appear  to  be  the  impressions  of  muscovite  crystals. 
There  can  be  little  doubt  therefore  that  the  beryllonite  occurred 

aKozu,  O.  F.,  06X118  and  precious  stones,  pp.  92-03. 
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as  a  constituent  of  a  pegmatite  mass,  and  it  probably  occurred  in 
pockets.  The  minerals  were  probably  dislodged,  by  the  action  of 
glacial  ice,  from  a  decomposed  pegmatite  ledge  somewhere  on  the 
flanks  of  Sugar  Hill  and  were  subsequently  deposited  in  their  present 
position  at  the  base  of  the  hill.  Prospecting  on  the  hill  northwest 
of  the  beryllonite  locality  may  eventually  disclose  the  source. 

The  locality  was  first  worked  by  E.  D.  Andrews,  of  Albany,  who, 
in  searching  for  smoky  quartz,  found  an  unknown  mineral,  which  was 
later  identified  by  E.  S.  Dana  in  1888  as  a  new  species  and  called 
beryllonite.  Its  mineral  characters  have  been  fully  described  by 
Dana  and  Wells.'* 

Ilamdon  HiU. — A  wellrknown  topaz  locality  is  located  on  the  sum- 
mit of  Hamdon  Hill,  in  the  southwestern  comer  of  the  town  of  Stone- 
ham,  within  one-fourth  mile  of  the  Stow  line.  It  was  opened  in  the 
early  eighties  by  Nathan  H.  Perry,  of  South  Paris,  and  worked  inter- 
mittently for  a  number  of  years,  but  at  the  time  of  the  writer's  visit 
in  September,  1906,  had  been  practically  idle  for  over  ten  years. 
The  workings  consist  of  several  openings  close  together,  a  few  feet 
across  and  2  or  3  feet  in  depth,  in  the  coarse  pegmatite  which  caps 
the  hill  at  this  point. 

The  locality  has  been  visited  by  Geoi^e  F.  Kunz,  of  New  York, 
and  its  minerals  described  by  him.*  He  describes  the  character  and 
mode  of  occurrence  of  the  topaz  as  follows : 

This  locality  ia  the  first  in  New  England  that  has  furnished  good,  clear,  and  dis- 
tinct crystals  of  topaz,  and  thus  far  it  has  produced  the  best  crystals  found  in  the 
United  States.  Of  these  crystals,  nearly  all  the  finest  were  found  in  one  pocket  in 
clevelandite  (lamellar  albite)  at  its  junction  with  a  vein  of  margarodite  (hydromica) 
and  one  was  entirely  surrounded  by  clevelandite.  The  finest  crystals  vary  in  size 
from  10  millimeters  to  the  laiigest,  which  measures  transversely  60  by  65  millimeter9 
and  vertically  56  millimeters.  They  are  transparent  in  parts,  and  contain  cavitiee 
of  fluids,  the  nature  of  which  has  not  yet  been  determined.  A  few  small  perfect 
gems  have  been  cut  from  the  fragments  of  a  large  crystal  that  was  broken. 

The  finest  crystals  are  colorless  or  faintly  tinted  with  green  or  blue.  Some  opaque 
crystals  are  as  much  as  300  millimeters  across  the  largest  part  and  weigh  from  10  to  20 
kilograms  each.  They  are  not  perfect  in  form,  the  faces  are  rgugh,  and  generally  they 
were  broken  before  they  were  taken  from  the  rock.  The  color  in  these  rough  crystals 
ia  more  decided  than  in  the  finer  ones  and  is  a  light  shade  of  either  green,  yellow,  or 
blue.  The  specific  gravity  of  the  transparent  material  is  3.54,  and  the  hardness  the 
same  as  that  of  the  yellow  topaz  from  Ouro  Preto  (formerly  Villa  Rica),  Brazil. 

The  properties  of  this  topaz  have  been  further  discussed  by  Pen- 
field  and  Minor; ""  its  chemical  composition  has  been  studied  and  its 
alteration  to  damourite  has  been  described  hv  Clarke  and  Diller.** 
No  topaz  was  visible  at  the  time  of  the  writer's  visit. 

oDana,  E.  S.,  aod  Wells,  H.  L.,  Am.  Jour.  Scl.,  3d  ser.,  vol.  37,  1889,  pp.  23-32. 

bKuns,  G.  F.,  Topax  and  associated  minerals  at  Stoneham,  Me.:  Am.  Jour.  Sci.,  3d  .ser.,  vol.  27,  1884, 
pp.  212-216. 

cPenfield,  S.  I.,  and  Minor,  J.  C,  jr.,  On  the  chemical  composition  and  relnlt'd  physical  proiwrties  of 
topaz:  Am.  Jour.  ScL,  3d  ser.,  vol.  47, 1894,  p.  390. 

dClarke,  F.  W.,  and  DlUer,  J.  8.,  Topaz  from  Stoneham,  Me.:  Am.  Jour.  Sci.,  3d  sor.,  vol.  29,  1885, 
pp.37»-d8i. 
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Other  constituents  of  the  pegmatite'  at  this  locality  are  the  follow- 
ing, the  descriptions  being  partly  those  <sf  Kunz: 

1.  Apatite  occurs  in  the  cavities  as  smaR'djfAibly- terminated  crys- 
tals and  in  the  solid  pegmatite  as  opaque  vitfeojus-green  masses 
weighing  up  to  2  pounds.  *"  -':*/•. 

2.  Beryl  occurs  in  large  colorless  to  pale-green  crjrstals  embedded 
in  the  sohd  pegmatite.  Most  of  them  are  opaque  to  tranBlucerit  with 
small  colorless  transparent  portions.  Kunz  reports  that  bii^  bond 
unusually  rich  in  beryl  was  traced  for  nearly  40  feet.  Some  of  th^ 
crystals  in  this  band  were  about  a  yard  long  and  over  a  foot  across. 

3.  Clevelandite  in  white  plates  is  very  abundant,  as  in  most  of  the 
gem-bearing  pegmatites.  It  occurs  in  particular  abundance  and  per- 
fection of  crystal  form  on  the  walls  of  the  pockets. 

4.  Columbite  is  usually  associated  with  clevelandite,  lying  either 
on  crystals  of  the  latter  in  cavities  or  else  between  the  plates  of  it. 
Its  crystals  vary  in  length  from  1  to  10  millimeters  and  are  not  very 
perfect.  One  pocket  afforded  over  40  pounds  of  pure  material,  and 
one  mass  which  seemed  to  have  belonged  to  a  single  crystal  group 
weighed  over  17  pounds. 

6.  Fluorite  fills  small  cavities  in  the  clevelandite.  The  masses  are 
rarely  over  10  millimeters  across  and  the  color  is  very  deep  purple. 
A  number  of  very  minute  octahedra  resembling  blue  topaz  have  been 
found. 

6.  The  pink  kaolin  montmorillonite  occurs,  according  to  Kunz,  in 
masses  that  range  in  color  from  a  very  delicate  pink  to  tints  closely 
approximating  red,  filling  the  cavities  and  interstices  in  the  cleve- 
landite. It  ako  occurs  in  botryoidal  masses  resembling  rhodochro- 
site,  on  crystals  of  clevelandite. 

7.  Triplite  is  scattered  irregularly  through  the  solid  pegmatite  in 
masses  usually  under  2  pounds  in  weight,  though  one  mass  broken 
out  in  the  blasting  furnished  over  100  pounds  of  rather  pure  material. 

8.  Herderite,  in  short  prisms  from  1  millimeter  to  1  centimeter  long, 
occurs  in  the  topaz-bearing  pockets  and  has  been  described  by  Hid- 
den and  Mackintosh  *  and  further  discussed  by  Dana  ^  and  Penfield.*^ 

9.  Bertrandite  occurs  in  the  pockets  with  herderite  and  topaz.  It 
has  been  described  by  Penfield.^ 

10.  A  single  occurrence  of  hamlinite  has  been  noted  at  this  locaUty. 
The  mineral  formed  minute  rhombohedral  crystals  attached  to  herd- 
erite, margarodite,  muscovite,  and  feldspar,  and  associated  with  ber- 

aHidden,  W.  E.,  On  the  probable  occurrence  of  herderite  in  Maine:  Am.  Jour.  Scl.,  3d  ser.,  vol.  27, 1884, 
p.  73.  Hidden,  W.  E.,  and  Mocklntoeh,  J.  B.,  On  herderite,  a  gluclnum  calcium  phosphate  and  fluoride 
from  Oxford  County,  Me.:  Idem,  pp.  135-138. 

ft  Dana,  E.  S.,  On  the  crystalline  form  of  the  supposed  herderite  from  Stoneham,  Me.:  Idem,  pp. 
229-232. 

«Penfleld,  8.  L.,  On  the  crystallisation  of  herderite:  Am.  Jour.  Sd.,  3d  ser.,  vol.  47, 1894,  pp.  333-336. 

dPenfleld,  8.  L.,  Crystallized  bertrandite  from  Stoneham,  Me.,  and  Mount  Antero,  Colorado:  Am. 
Jour.  Set,  3d  ser.,  vol.  37,  1889,  pp.  213-215;  Note  oonceming  bertrandite  crystals  from  Oxford  County, 
Me.:  Idem^  4th  ser.,  vol.  4, 1897,  p.  316. 
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trandite.  It  was  named  m  hbnpr  <3f  A.  C.  Hamlin,  of  Bangor,  who  for 
many  years  developed^  tiieK  famous  tourmaline  mine  at  Mount  Mica. 
The  mineral  has  beeo'j^eadWbed  by  Hidden  and  Penfield." 

Other  mineraJ^  -Ji^m''  this  locaUty  are  autimite,  biotite,  gehlenite, 
garnet,  muscovitf?;.  Quartz,  triphylite,  and  zircon. 


STOW. 


.W^'iocks  of  the  town  of  Stow,  so  far  as  seen  by  the  writer,  are  all 
.-.  ':&caBilic;  they  include  pegmatite,  normal  granite,  and  granite  gneiss. 
'/•;'•/•  Amethystine  quartz  has  been  obtained  on  Deer  Hill  near  the  New 
•.  '  Hampshire  line.  When  visited  by  the  writer  in  September,  1906,  the 
only  openings  observed  were  a  number  of  shallow  pits  dug  in  the  soil 
on  the  southeastern  slope  of  the  hill.  The  amethyst  crystals  occur 
loose  in  this  soil  or  attached  to  loose  fragments  of  feldspar.  The 
small  pieces  found  by  the  writer  were  all  of  a  very  pale  lavender  tint 
and  in  most  of  them  the  color  was  very  unevenly  distributed.  The 
amethyst  was  probably  derived  from  pockets  in  the  pegmatite,  .but 
so  far  as  known  the  ledge  has  not  been  opened.  The  whole  summit 
of  the  hill  is  composed  of  pegmatite  of  the  type  usual  in  western  Maine. 
Certain  portions  are  coarse  enough  and  sufficiently  free  from  iron- 
bearing  minerals  to  be  of  commercial  grade  for  pottery  purposes,  but 
their  quantity  is  small. 

The  characters  of  the  rocks  are  well  shown  in  the  bed  of  Great 
River  near  the  road  bridge  just  southwest  of  Deer  Hill,  where  the 
principal  rock  is  a  rather  fine-grained  biotite-muscovite  granite,  in 
part  massive,  but  mostly  of  gneissic  texture.  This  is  crossed  by  an 
irregular  band  of  muscovite-biotite  pegmatite,  which  ranges  from  6 
inches  to  2  feet  in  width ;  it  is  without  sharp  walls  and  grades  imper- 
ceptibly into  the  granite  gneiss.  The  mineralogic  similarity  and  the 
gradation  from  one  rock  into  the  other  indicate  a  common  magmatic 
source.  The  pegmatite  appears  to  have  been  intruded  before  the 
complete  soUdification  of  the  granite. 

From  Deer  Hill  southward  to  Stow  village  the  rocks  are  pegmatite 
and  fine-grained  granite.  From  Stow  village  to  Lovell  village  the 
bed  rock  near  the  roads  is  obscured  by  extensive  glacial  outwash 
deposits  of  sand. 

WATERFORD. 

The  rocks  of  Waterford,  so  far  as  seen  by  the  WTiter,  are  largely 
granites  and  associated  pegmatite,  though  some  schist  of  probable 
sedimentary  origin  is  found  in  the  eastern  part  of  the  town.  The 
pegmatite  at  two  locaUties  has  in  the  past  been  worked  for  mica. 

a  Hidden,  W.  E.,  and  Penfleld,  S.  L.,  On  hamllnite,  a  new  rhombohedral  mineral  from  the  herderite 
locality  at  Stoneham,  Me.:  Am.  Jour.  Sci.,  3d  ser.,  vol.  39.  1890,  pp.  511-513.  Penfield,  S.  L.,  On  the 
chemical  composition  of  hamllnite  and  its  occurrence  with  bertrandite  at  Oxford  County,  Me.:  Am.  Jour. 
Sd.,  4th  ser.,  vol.  4, 1897,  pp.  313^16. 


OXFORD  COUNTY.  103 

SotUh  Waieffard  mica  prospect — ^An  old  mica  mine  located  in  the 
southwestern  part  of  the  town  near  the  Sweden  line  was  visited  by 
the  writer  in  September,  1906.  It  consists  of  a  single  pit  about  40 
feet  long,  15  feet  wide,  and  15  feet  in  depth,  located  on  an  eastern 
hillside.  The  predominant  rock  at  this  locaUty  is  a  gray  muscovite- 
biotite  granite  varying  somewhat  in  texture  but  mostly  fine  grained. 
It  differs  in  shade  from  point  to  point,  owing  mainly  to  variations  in 
the  amount  of  biotite  it  contains. 

Under  the  microscope  the  texture  is  seen  to  be  typically  granitic 
and  nearly  equigranular.  The  rock  is  very  fresh  and  consists  in 
order  of  abundance  of  quartz,  microcline,  biotite,  plagioclase  feld- 
spar, and  muscovite.  The  plagioclase  appears  to  have  the  compo- 
sition of  oligoclase  (refractive  index  >  microcline  and  >  =  <  Canada 
balsam;  extinction  angles  low).  Much  of  the  quartz  shows  roimded 
outlines  and  is  inclosed  by  microcline.  This  quartz  appears  to  rep- 
resent the  earUest  crystaUization,  even  the  biotite  plates  conform- 
ing to  its  rounded  outlines.  Microcline  and  other  quartz  are  plainly 
later  crystallizations. 

Locally  aggregations  of  biotite  in  the  granite  form  flat  lenticles, 
many  of  irregular  form  and  variously  oriented.  Biotitic  aggregations 
are  also  present  in  the  finer  portions  of  the  pegmatite. 

The  pegmatite  penetrates  the  granite  in  an  exceedingly  irregular 
manner,  locally  with  the  most  gradual  transition.  The  pegmatite 
shows  great  variation  in  coarseness,  the  coarsest  portions  containing 
crystals  of  orthoclase  1|  to  2  feet  across.  Its  mineral  constituents 
appear  to  be  identical  with  those  of  the  granite,  though  present 
perhaps  in  somewhat  different  proportions.  The  dominant  feldspar 
is  microcline  (with  some  orthoclase) ;  oligoclase  is  present  in  subordi- 
nate amoimts  (refractive  index  >  microcline  and  about  =  balsam; 
extinction  angles  up  to  12°  and  13°). 

In  texture  and  mineral  compositioix  the  granite  of  this  quarry  is  very 
similar  to  that  at  Rumford  Falls  (pp.  94-95).  Both  granite  masses 
are  of  relatively  small  extent  and  exhibit  within  short  distances 
differences  in  composition  more  marked  than  is  characteristic  of 
the  normal  granites  of  the  large  granite  areas  o^  the  State.  In  the 
granite  of  Waterford  the  tendency  toward  segregation  is  further 
shown  by  the  presence  of  the  biotite  nodules  already  mentioned.  In 
both  localities  granite  is  so  similar  in  mineral  composition  to  the 
associated  pegmatite  and  the  gradation  from  one  rock  to  the  other  is 
in  many  places  so  gradual  and  irregular  that  it  seems  necessary  to  con- 
clude that  granite  and  pegmatite  crystallized  fron  the  same  magmatic 
source  at  nearly  the  same  time.  Some  of  the  pegmatite  shows 
megascopic  evidence,  in  the  presence  of  thin  irregular  skins  of  musco- 
vite and  other  secondary  foliated  minerals  along  certain  planes 
through  the  rock,  of  very  sUght  internal  movements  subsequent  to 
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its  solidification.  Microscopically  the  effects  of  these  movements 
are  recognizable  in  local  granulation  within  certain  quartz  and  feld- 
spar individuals  and  marked  strain  in  others. 

The  coarsest  portions  of  the  pegmatite  have  been  worked  for  mica. 
A  few  of  the  muscovite  books  are  as  much  as  1  foot  across,  but  the 
majority  are  under  4  inches.  The  larger  plates  are  only  in  part  clear, 
being  injured  by  ruling  and  twinning.  The  writer  saw  no  plates  that 
would  cut  clear  pieces  larger  than  2  by  3  inches,  and  even  such  as 
would  were  rare.  Most  of  the  material  could  be  utilized  only  for 
scrap  mica.  The  property  hardly  appears  to  merit  further  develop- 
ment. 

Beech  HiU  mica  mine, — Another  mica  mine,  located  a  few  miles 
north  of  the  first,  on  the  farm  of  George  L.  Kimball,  on  Beech  Hill, 
represents  the  most  serious  attempt  at  mica  mining  that  has  been 
made  in  the  State.  The  mica  occurs  as  a  constituent  of  a  sill-like 
mass  of  coarse  pegmatite,  which  dips  to  the  east  at  about  30°.  Its 
thickness  is  at  least  12  feet,  the  base  not  being  exposed.  Commer- 
cial mica  is  confined  to  a  zone  about  5  feet  tliick  in  the  lowest  part 
of  the  pegmatite  layer  as  now  exposed.  Within  this  5-foot  zone 
muscovite  is  estimated  to  form  from  10  to  20  per  cent  of  the  material 
of  the  pegmatite. 

Some  of  the  masses  of  pure  orthoclase  feldspar  associated  with  the 
mica  are  5  feet  across,  but  the  total  quantity  present  is  not  sufficient 
to  make  it  of  commercial  importance.  Intergrowths  of  quartz  and 
muscovite  are  common. 

The  pegmatite  contauis  no  biotite  and  no  black  tourmaline.  The 
associated  rock  is  a  granite  gneiss,  and  both  gneiss  and  pegmatite  are 
intruded  bv  a  dike  of  diabase. 

Some  of  the  muscovite  books  are  1  foot  across,  but  most  of  them 
are  under  5  inches.  The  larger  plates  are  invariably  cut  up  by 
ruling  planes  into  a  number  of  smaller  pieces.  Much  of  the  mica  is 
worthless  for  anything  but  scrap  because  of  the  prevalence  of  ruUng, 
wedge  structure,  and  twinning.  Most  of  the  thumb-trimmed  mate- 
rial seen  by  the  writer  was  in  pieces  2  or  3  by  3  inches  in  size.  The 
mine  was  not  being  ^worked  at  the  time  of  the  writer's  visit  in  Sep- 
tember, 1906,  and  although  several  tons  of  mica  lay  in  the  trimming 
sheds,  the  best  of  the  output  was  reported  to  have  been  sold.  It 
was  therefore  imj)ossible  to  make  a  wholly  fair  estimate  of  the  aver- 
age value  of  the  mica  mined,  but  the  quality  of  the  material  is  supe- 
rior to  that  from  any  other  knowTi  locality  in  Maine  and  appears  to 
warrant  further  development. 

The  property  was  opened  in  1900  and  was  also  worked  in  1902  by 
the  Beech  Hill  Mining  Company,  who  subsequently  sold  the  prop- 
erty to  New  York  persons.  About  a  ton  of  thumb-trimmed  mica 
was  marketed  at  prices  ranging  from  8  cents  to  $1  a  pound,  and 
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about  10  tons  of  scrap  mica  was  sold.  The  remainder  of  the  mate- 
rial quarried  was  still  in  the  mine  buildings  at  the  time  of  the  writer's 
visit.  The  equipment  includes  a  steam  drill  and  boiler  and  a  shed 
where  the  trimming  was  done. 

SAGADAHOC  COUNTY. 
GEOEGETOWN. 

The  rocks  of  Georgetown  are  mostly  sedimentary  schists  and 
intruded  masses  of  pegmatite,  normal  granite,  and  flow  gneiss.  The 
only  pegmatite  deposit  now  worked  is  on  the  east  side  of  Kennebec 
River,  near  its  mouth,  where  feldspar  is  quarried  by  Golding's  Sons 
Company,  of  Trenton,  N.  J. 

Georgetown  Center. — The  relations  between  the  pegmatite  and  schists 
on  Bay  Point  Peninsula  (see  below)  are  repeated  in  good  exposures 
at  the  four  comers  west  of  Georgetown  Center.  Here  a  mass  of  peg- 
matite 10  feet  in  maximum  width  intrudes  the  schists  irregularly, 
sending  off  into  them  an  apophysis  1  foot  in  width  at  its  base,  but 
tapering  out  within  6  feet.  This  branch  shows  the  same  irregular 
pegmatitic  texture  as  the  larger  dike  but  becomes  finer  grained  as 
it  tapers.  The  bordering  schist  contains  numerous  quartz  string- 
ers, some  of  which  are  distinctly  traceable  into  the  pegmatite  and 
near  the  latter  carry  a  few  mica  plates. 

On  the  hill  east  of  the  gurnet  at  Georgetown  Center  a  number  of 
prospect  pits  for  feldspar  were  opened  by  J.  S.  Berry.  Black  tour- 
maline and  biotite  are  so  abundant  in  most  of  the  pegmatite  as  to 
render  it  useless  for  pottery  purposes. 

HincJcleys  Landing. — On  the  shore,  about  one-half  mile  south  of 
Hinckleys  Landing,  a  pegmatite  mass  in  the  schist  gives  off  a  branch 
dike  3  to  6  inches  wide,  which  very  near  where  it  leaves  the  parent 
mass  becomes  fine  grained  and  typically  granitic  in  texture. 

Golding*8  feldspar  quarry. — One  of  the  most  productive  feldspar 
quarries  in  Maine,  and  one  that  has  been  worked  intermittently  for 
over  thirty  years,  is  located  near  the  east  shore  of  Todds  Bay  near 
the  mouth  of  Kennebec  River  and  is  now  owned  and  operated  by 
Gelding's  Sons  Company,  of  Trenton,  N.  J.  It  may  be  reached  by 
a  drive  of  11  miles  from  Woolwich  or  by  steamer  from  Bath  to  Bay 
Point  Landing,  which  is  only  about  1 J  miles  from  the  quarry.  The 
Bath  quadrangle  of  the  United  States  Geological  Survey  includes 
this  area.  The  property  was  visited  by  the  writer  in  July,  1906,  and 
again  in  November,  1908. 

The  excavations  cover  an  area  of  about  3  acres  and  consist  of  three 
open  pits.  The  southernmost  pit,  which  is  the  oldest  and  largest, 
had  been  abandoned  for  many  years  at  the  time  of  the  writer's  visit 
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in  1906,  but  in  1908  the  quany  waste  which  had  been  dumped  in  it 
was  being  removed  and  new  excavating  had  revealed  considerable 
amounts  of  excellent  feldspar.  It  is  significant  that  much  of  the 
waste  material  dumped  into  this  pit  in  the  eariy  mining  is  of  good 
commercial  grade  according  to  present  standards  and  is  being  saved. 
In  the  early  days  graphic  granite  was  mostly  discarded  and  only 
practically  pure  feldspar  utilized.  This  pit  is  now  about  100  feet  in 
depth.  The  northernmost  pit,  from  which  large  amounts  of  spar 
have  recently  been  taken,  is  200  feet  long  in  a  direction  N.  25°  E., 
40  to  75  feet  wide,  and  20  to  30  feet  deep. 

In  this  quarry  the  commercially  valuable  rock  is  mainly  a  coarse 
graphic  intergrowth  of  feldspar  and  quartz,  which  is  estimated  to 
comprise  about  one-half  the  total  material  excavated,  the  other  half 
being  waste  wliich  is  highly  quartzose  or  contains  muscovite  or  iron- 
bearing  minerals.     (See  Plate  XVIII). 

The  quartz  of  this  quarry  is  mostly  gray  and  semiopaque,  and  in 
many  places  has  a  granular  appearance.  In  a  few  places  it  is  sUghtly 
pinkish  in  hue.  Masses  of  pure  quartz  are  usually  small,  the  largest 
observed  by  the  writer  being  a  mass  6  feet  across  in  the  northern- 
most pit.     It  is  not  utilized  commercially. 

Most  of  the  feldspar  is  orthoclase  or  microcline  with  small  amounts 
of  albite.  The  following  analysis  by  the  Pittsburg  testing  laboratory 
of  the  United  States  Geological  Survey  is  of  tlie  best  grade  of  buff- 
colored  feldspar: 

Analyses  of  feldspar  from  Golding^s  Sons  Company  quarry. 

Silica  (SiO.,) 65.23 

Alumina  (AUOg) ^ 20.09 

Iron  oxide  (FeaO^ 71 

Lime  (CaO) None. 

Magnesia  (MgO) None. 

PoUsh  (KoO) 11.  60 

SodaCXa-jb) 2.00 

Loss  on  ignition 36 

99.99 

Very  few  large  masses  of  pure  feldspar  are  exposed  in  the  present 
quarry  openings,  but  it  is  said  that  in  the  past  single  blasts  have 
loosened  100  tons  of  almost  pure  material.  In  the  southern  pit  a 
number  of  masses  of  pure  feldspar  several  feet  across  were  exposed 
in  1908,  but  most  of  the  rock  here  and  practically  all  exposed  in  the 
middle  and  nortliern  pits  is  an  intergrowth  of  quartz  and  feldspar. 
Most  of  this  intergrowth,  however,  is  of  excellent  quality  for  pottery 
uses,  since  injurious  minerals  such  as  muscovite  and  black  tounnaline 
are  usually  confined  to  certain  portions  of  the  mass  and  can  be  readily 
separated  from  the  rest  of  the  rock  in  mining.     Although  the  graphic 


SAGADAHOC   COUNTY.  107 

fonn  of  quartz  and  feldspar  intergrowth  is  the  most  common,  very 
perfect  dendritic  penetrations  of  feldspar  by  quartz  are  also  present. 

Muscovite  is  not  present  in  sufficient  amounts  to  be  of  any  com- 
mercial importance.  All  the  larger  books  are  of  the  wedge  variety. 
Grapliic  intergrowths  of  quartz  and  muscovite  are  also  found  locally, 
as  are  rounded  aggregates  made  up  almost  entirely  of  small  mus- 
covite crystals  and  similar  to  those  observed  at  the  G.  D.  Willes 
quarry  in  Topsham. 

Biotite  is  almost  entirely  absent,  but  in  its  stead  occurs  black  tour- 
maline. The  latter  is  locally  very  abundant  in  prismatic  crystals, 
some  of  which  are  2^  to  3  inches  in  diameter  and  a  foot  or  more  in 
length.  The  tourmaline  is  not  evenly  distributed  through  the 
pegmatite  but  is  confined  almost  entirely  to  certain  irregular  zones 
which  may  be  avoided  or  discarded  in  the  quarrying  process.  It  is 
more  abundantly  associated  with  the  quartz  than  with  the  feldspar. 

Garnet  occurs  in  deep  flesh-colored  crystals,  usually  small  and 
associated  with  quartz  and  muscovite.  Some  light-green  opaque 
beryl  is  found,  one  mass  penetrating  quartz  being  14  inches  long  and 
4  inches  in  diameter. 

The  contact  of  the  pegmatite  with  other  rocks  is  not  exposed  in  any 
of  the  quarry  openings,  but  is  fairly  well  shown  a  few  rods  northeast 
of  the  quarry  near  the  highest  part  of  the  same  hill,  where  the  border- 
ing rocks  are  schists  which  strike  slightly  east  of  north  and  dip  nearly 
vertical.  The  contact  nearly  parallels  the  trend  of  the  schists  and 
the  pegmatite  is  plainly  intrusive,  locally  cutting  across  the  foliation 
of  the  schists  and  sending  off  broad  apophyses,  into  them.  A  note- 
worthy feature  of  this  contact  is  the  complete  absence  of  any  change 
in  texture  or  coarseness  in  the  pegmatite  as  the  schist  is  approached. 
A  coarse  aggregate  of  black  tourmaline  crystals,  some  of  which  are 
If  inches  in  diameter,  occurs  within  2  feet  of  the  contact;  and  graphic 
granite  of  the  same  coarseness  as  in  the  central  parts  of  the  pegmatite 
mass  occurs  along  its  border.  The  schist  is  a  quartz-biotite  rock,  in 
many  places  highly  gametiferous  and  containing  abundant  stringers 
of  white  to  brownish  quartz,  which,  at  this  point  at  least,  have  no 
traceable  connection  with  the  associated  pegmatite  and  are  no 
larger  nor  more  numerous  near  the  contact  than  some  distance  away. 
The  schist  folia  in  many  places  show  numerous  minor  contortions. 

The  present  excavations  cover  almost  the  whole  area  of  outcrop 
of  the  pegmatite  body.  Future  work  will  probably  consist  largely 
in  deepening  the  present  pit,  but  there  is  reason  to  expect  that  the 
deposit  will  continue  of  good  quality  and  of  about  the  same  dimen- 
sions to  a  considerable  depth.  A  number  of  other  dikes  of  pegma- 
tite of  similar  size  and  shape  occur  in  the  vicinity  and  some  of  them 
have  been  worked  to  a  slight  extent.  None  of  these,  so  far  as  seen, 
show  any  large  amounts  of  feldspar  of  commercial  grade. 
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The  rock  is  excavated  by  steam  drilling  and  dynamite  blasting  and 
in  the  largest  pit  is  hoisted  by  derrick  and  hoisting  engine.  It  is 
broken  up  and  sorted  by  hand  and  hauled  by  wagon  one-fourth  mile 
to  the  shore,  where  it  is  transferred  to  small  sailing  barges,  which 
convey  it  either  to  vessels  for  shipment  to  Trenton  by  water  or  up 
Kennebec  River  10  miles  to  Bath  for  shipment  by  rail.  About  fifteen 
men  are  usually  employed  in  this  quarry. 

Small  Point  feldspar  quarry, — ^A  small  feldspar  quarry,  now  aban- 
doned and  partly  filled  with  water,  is  located  one-half  mile  east  of 
the  Golding  quarry,  near  the  head  of  Sagadahoc  Bay  and  east  of  the 
highway.  It  is  a  single  pit  about  75  feet  long,  35  feet  wide,  and 
probably  30  to  40  feet  in  depth,  though  only  25  feet  of  wall  shows 
above  the  water  level.  The  rock  is  similar  in  nearly  ever  respect  to 
that  quarried  at  the  Golding  quarry,  but  the  area  of  the  deposit 
seems  to  be  very  small,  schist  occurring  within  a  hundred  feet  or  so 
north,  west,  and  south  of  the  pit. 

SchisUpegmatite  contacts  on  Bay  Point  Peninsula. — ^The  contacts 
between  the  pegmatites  and  the  schists  are  well  exposed  at  a  num- 
ber of  points  along  the  shores  of  Bay  Point  Peninsula.  A  few  rods 
north  of  the  steamboat  landing  at  Bay  Point  the  pegmatite  cuts 
directly  across  the  schist  foUa,  sending  off  quartz  stringers  into  the 
schist.  The  pegmatite  shows  no  noticeable  change  in  texture  op 
composition  to  a  point  within  about  10  inches  of  the  contact,  but 
from  there  on  tends  to  become  finer  grained  and  less  feldspathic,  the 
rock  close  to  the  contact  being  an  aggregate  of  quartz  and  muscovite. 
Muscovite  also  occurs  in  some  of  the  quartz  stringers  near  their 
point  of  departure  from  the  main  pegmatite  mass.  The  schist  neai* 
the  pegmatite  is  rich  in  dark-brown  tourmaline  crystals,  some  of 
which  are  one-half  inch  long  and  one-eighth  inch  in  diameter;  they 
are  probably  the  results  of  contact  metamorphism. 

Although  the  quartz  stringers  described  above  are  traceable  into 
the  pegmatite,  in  many  other  places  the  pegmatite  cuts  distinctly 
across  both  the  folia  and  quartz  stringers  of  the  schist.  In  such 
places,  although  the  quartz  stringers  may  not  be  offshoots  of  the 
pegmatite  mass  immediately  associated  with  them,  the  absence  of 
genetic  connection  with  other  pegmatite  of  the  vicinity  is  not  proved. 
Such  a  connection  is  rendered  probable  by  the  presence  of  some  feld- 
spar in  a  number  of  the  larger  quartz  lenses.  Near  the  north  end  of 
Bay  Point  Peninsula  one  quartz  lens  bearing  some  feldspar  is  IJ 
feet  in  greatest  width  and  3  to  4  feet  in  length. 

The  conversion  of  certain  of  the  schists  into  injection  gneisses 
through  their  penetration  by  pegmatite  and  quartz  stringers  pro- 
ceeding from  a  larger  pegmatite  mass  is  well  shown  in  Plate  IV,  B, 
reproduced  from  a  photograph  taken  along  the  wagon  road  near  the 
center  of  Bay  Point  Peninsula.     The  large  pegmatite  mass  shown  in 
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this  picture  is  quite  quaxtzose,  with  masses  of  pure  quartz  4  to  5 
feet  across.  .  The  feldspar  is  in  small  crystals  intergroi^Ti  with  quartz 
and  mica  and  does  not  occur  in  large  crystals  comparable  to  the 
quartz  masses.  The  quartz  stringers  of  the  schist  are  traceable  in 
many  instances  with  perfect  continuity  into  the  quartz  of  the  schist, 
and  a  number  of  the  quartz  stringers  contain  muscovite  crystals. 
Within  1  i  feet  of  the  main  pegmatite  mass  the  schist  becomes  darker 
colored  through  the  abundant  development  in  it  of  dark-brown 
tourmaline. 

On  the  east  shore  of  Kennebec  Point,  about  half  a  mile  northeast 
of  the  extreme  southern  tip,  schists  are  intruded  by  pegmatitic 
granite  similar  in  mineral  composition  to  the  coarse  pegmatite  at  the 
Golding  quarry,  its  principal  constituents  being  quartz,  potash  feld- 
spar, muscovite,  and  black  tourmaline.  The  average  size  of  grain 
in  this  granite  is  not  over  one-fourth  inch,  although  some  of  the  feld- 
spars are  3  inches  long.  None  of  the  black  tourmaline  crystals  are 
over  one-fourth  inch  and  they  average  only  about  one-eighth  inch 
in  width.  It  is  significant  that  the  minerals,  especially  the  black 
tourmaline,  show  a  noticeable  amount  of  parallel  orientation  in  cer- 
tain parts  of  the  ledge,  indicating  a  certain  amount  of  flowing  move- 
ment during  crystallization.  The  rock  becomes  finer  grained  within 
8  or  10  inches  of  the  schist  contact.  This  rock  gives  every  indica- 
tion of  being  intermediate  in  its  character  between  normal  granite 
and  the  typical  coarse  pegmatite  of  this  region. 

TOPSHAM. 

The  rocks  of  the  town  of  Topsham  are  quartz-mica  schists  which 
have  been  intruded  by  pegmatite,  by  flow  gneisses  of  granitic  com- 
position, and  to  some  extent  by  granite.  Exposures  showing  the 
characters  and  relationships  of  these  rocks  are  plentiful  and  exceUent. 

Distribution  of  the  quarries, — ^The  pegmatites  of  the  town  are  now 
worked  for  feldspar  at  several  points  and  were  once  worked  at  a 
number  of  others  now  abandoned.  The  quarries  all  lie  within  a  belt 
about  a  mile  in  width,  extending  from  Mount  Ararat,  near  Topsham 
village,  in  a  northeasterly  direction  nearly  to  the  Topsham-Bowdoin- 
ham  line.  Within  this  belt  are  eight  quarries,  only  three  of  which 
are  now  active,  and  a  number  of  prospect  pits.  It  is  significant  that 
the  line  of  distribution  of  these  quarries  corresponds  closely  with  the 
trend  of  the  metamorphosed  sedimentary  schists ,  into  which  the 
p^matites  were  intruded.  Because  of  the  soil  covering  it  is  impos- 
sible to  determine  the  exact  limits  of  the  coarse  pegmatite  bodies 
exposed  at  each  of  these  eight  quarries,  but  it  is  evident  from  a  study 
of  the  rocks  between  the  various  quarries  that  the  pegmatite  bodies 
which  are  worked  are  not  all  of  them  parts  of  a  single  pegmatite 
mass  but  are  more  or  less  detached  intrusions  in  a  region  where  the 
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rocks  are  mainly  schists.  Within  the  belt,  however,  the  pegmatitic 
intrusions  are  more  numerous  and  are  some  of  them  of  coarser  tex- 
ture than  in  the  surrounding  country.  If  we  may  use  the  form  of 
the  smaller  and  finer-grained  pegmatite  masses  as  an  index  to  that 
of  the  larger  and  coarser  ones  (which  are  commercially  valuable), 
the  latter  are  probably,  for  the  most  part,  somewhat  elongate  in  a 
direction  slightly  east  of  north,  parallel  to  the  general  trend  of  the 
inclosing  schists  and  gneisses. 

Products  of  the  quarries, — ^Feldspar  is  the  only  mineral  of  much 
commercial  importance  at  any  of  these  quarries.  Quartz  of  excel- 
lent quality  is  present  in  considerable  amounts  and  is  often  saved  in 
the  quarrying  process,  though  at  present  finding  but  slight  market. 
At  some  of  the  quarries  tourmalines  and  aquamarines  of  gem  quality 
are  now  and  then  obtained.  A  description  of  the  quarries  in  the 
order  of  their  distribution  from  southwest  to  northeast  is  given  below. 

Mount  Ararat  feldspar  quarries, — A  quarry  from  which  feldspar 
and  quartz  have  been  obtained  is  situated  on  the  east  slope  of  Mount 
Ararat,  about  1  mile  north  of  Topsham  village.  The  deeper  part  of 
the  excavation  is  about  40  feet  long  from  east  to  west,  10  feet  wide, 
and  12  feet  in  maximum  depth.  A  shallow  excavation  adjacent  to 
the  northwest  part  of  the  deeper  pit  covers  an  area  of  about  20  by  30 
feet.     The  quarry  has  not  been  operated  for  several  years. 

The  lower  pit  exposes  considerable  amounts  of  clean,  white,  gray, 
and  nearly  black  semiopaque  quartz  but  shows  few  masses  of  pure 
feldspar  more  than  3  or  4  inches  in  diameter.  Though  feldspar  was 
the  principal  mineral  sought,  the  quartz  was  saved  in  the  quarrying 
process  and  tons  of  it  are  now  piled  near  the  pit.  The  feldspar  is 
cream  colored  to  nearly  white  and  is  shown  by  microscopic,  examina- 
tion to  be  priQcipally  microcline,  with  occasional  very  small  amounts 
of  the  white  soda  feldspar,  albite.  In  the  upper  and  shallower 
portion  of  the  quarry  the  amount  of  pure  quartz  is  less  and  the  amount 
of  pure  feldspar  is  greater  than  in  the  lower  portion.  Some  of  the 
masses  of  pure  feldspar  there  are  3  to  4  feet  across.  They  grade  into 
a  coarse  graphic  intergrowth  of  quartz  and  feldspar  and  the  latter 
into  extremely  fine  graphic  granite.  Only  the  pure  feldspar  and  the 
coarse  graphic  granite  were  used  commercially.  Of  the  iron-bearing 
minerals  which  would  injure  the  quality  of  the  feldspar  for  pottery 
purposes,  black  tourmaline  is  almost  entirely  absent  and  black  mica 
(biotite)  is  rare.  Garnet  is  rather  an  abundant  constituent,  but  is 
associated  mainly  with  the  muscovite  and  with  the  finer-grained 
portions  of  the  pegmatite,  and  only  rarely  with  the  more  feldspathic 
parts  that  are  commercially  available.  Magnetite  occurs  rarely  in 
small  irregular  octahedra. 

Muscovite  or  white  mica  is  also  an  abundant  constituent  of  the 
pegmatite  as  exposed  in  the  upper  pit.     It  is  pale  green  to  nearly 
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colorless  and  occurs  in  books,  some  of  which  are  8  to  10  inches  in 
diameter.  The  great  bulk  of  the  muscovite  is  of  the  wedge  variety 
and  shows  twinning;  it  could  be  utilized  commercially  only  as  scrap 
mica.  A  small  amount  is  plate  mica  and  splits  readily  into  sheets, 
which  when  trinmaed  may  measure  4  by  5  inches,  though  mostly 
smaller.  Most  of  this  plate  mica  incloses  between  its  lamellse  thin 
branching  crystals  of  magnetite.  A  few  small  masses  of  columbite, 
generaUy  exhibiting  very  imperfect  crystal  forms,  are  found  in  the 
quartz-feldspar  masses. 

The  wall  rock  of  schist  or  gneiss  is  nowhere  exposed  at  this  quarry, 
and  the  soil  covering  makes  it  impossible  to  trace  the  exact  limits  of 
the  deposit.  If  one  may  judge  from  neighboring  masses  of  pegma- 
tite whose  boundaries  are  exposed,  this  mass  is  probably  more  or  less 
irregular  in  outline  and  somewhat  elongate  in  a  direction  parallel  to 
the  trend  of  the  neighboring  schists — that  is,  somewhat  east  of  north. 
The  deposit  does  not  appear  to  be  very  extensive,  but  the  quality  is 
good,  and  there  seems  to  be  warrant  for  further  development  work  on 
a  small  scale. 

A  second  small  feldspar  quarry,  on  the  northern  slope  of  Mount 
Ararat,  consists  of  a  single  hillside  pit  about  150  feet  long,  30  feet 
in  average  width,  and  20  feet  in  greatest  depth.  It  was  last  worked 
in  1 905.  The  rock  is  a  wholly  irregular  association  of  quartz,  feldspar, 
muscovite,  biotite,  and  garnet,  with  smaller  amounts  of  rarer  minerals. 
The  quartz  is  prevailingly  dark  gray  in  color  and  semiopaque,  but  in 
soncie  places  is  white  and  in  a  few  nearly  black.  A  number  of  the 
pure  quartz  masses  are  3  to  4  feet  across;  one,  flat  lying  and  exposed 
at  the  base  of  one  of  the  quarry  walls,  is  5  feet  in  maximum  width 
and  25  feet  in  length,  with  very  irregular  boundaries. 

Most  of  the  feldspar  is  pale  pink  in  color,  but  certain  portions  are 
cream  colored,  and  others  decidedly  red.  Microscopic  examination 
shows  that  the  feldspar  belongs  mainly  to  the  potash  varieties  ortho- 
clase  and  microcline,  the  former  greatly  predominating.  With  these 
are  associated  small  amounts  of  the  soda  feldspar,  albite,  which  is  fre- 
quently intergrown  microscopically  with  the  orthoclase  or  microcline. 
Throughout  most  of  the  quarry  the  masses  of  pure  feldspar  are  not 
over  4  to  5  inches  across,  though  a  few  crystals  measure  2  to  3  feet. 
The  bulk  of  the  material  quarried  for  pottery  use  is  a  graphic  inter- 
growth  of  feldspar  and  quartz,  most  of  it  coarser  than  that  found  at 
the  quarry  on  the  eastern  slope  of  Mount  Ararat.  The  quartz  thus 
intergrown  with  the  feldspar  commonly  assumes  branching  or  den- 
dritic forms,  a  characteristic  not  observed  in  most  of  the  pegmatite 
deposits. 

Muscovite  of  the  wedge  variety  occurs  sparingly  in  books  up  to  6 
inches  in  greatest  diameter.  No  clear  plate  mica  was  observed. 
Of  very  conmion  occurrence  are  graphic  intergrowtlis  of  muscovite 
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and  quartz,  many  single  crystals  of  muscovite  with  roughly  hexag- 
onal outline  grading  outward  into  a  fringe  of  graphically  intergrown 
muscovite  and  quartz.  In  some  places  muscovite  and  feldspar  are 
graphically  intergrown.  The  quartz  of  these  muscovite  intergrowths 
is  in  many  places  continuous  with  quartz  intergrown  with  feldspar. 

Biotite  is  much  more  abundant  than  at  the  quariy  on  the  eastern 
side  of  Mount  Ararat  and  dominates  over  muscovite.  It  occurs  in 
the  characteristic  lathnshaped  crystals,  many  of  which  have  a  length 
of  2  feet,  a  width  of  4  to  5  inches,  and  a  thickness  of  one-half  inch  to 
1  inch.  The  largest  biotite  Crystal  observed  was  3^  feet  long,  2^ 
feet  wide,  and  1  to  2  inches  thick.  These  crystals  penetrate  the  peg- 
matite mass  in  every  conceivable  direction. 

Garnet  is  rather  abundant  and  is  generally  dark  red  and  submetal- 
lie  in  appearance.  In  some  places  it  is  intergrown  with  quartz  and 
in  others  with  both  quartz  and  muscovite.  One  garnet  crystal  was 
2i  inches  across.  It  is  most  abundant  in  the  finer  grained  portion 
of  the  pegmatite  and  in  those  portions  rich  in  muscovite  and  is  rare 
in  the  parts  which  are  used  commercially.  Magnetite  occurs  only 
rarely  in  imperfect  octahedra  showing  step  structure. 

Schists  and  gneisses  are  nowhere  exposed  in  this  quarry  and  near-by 
outcrops  are  not  numerous,  so  that  it  is  impossible  to  determine  the 
form  or  area  of  the  pegmatite.  On  the  north  wall  of  the  quarry  a 
small  mass  of  fine-grained  granite  showing  locally  a  somewhat 
gneissic  structure  is  exposed  and  is  intruded  by  the  pegmatite,  the 
latter  cutting  across  the  landing  of  the  granite  gneiss,  though  there 
is  crystallographic  continuity  between  the  two. 

The  amount  of  feldspar  of  commercial  quality  now  exposed  is  not 
large,  and  the  abundance  of  biotite  and  garnet  render  much  of  the 
material  valueless  for  pottery  uses.  The  extent  of  tlie  deposit  can 
not  be  accurately  predicted,  but  is  probably  not  very  great.  Further 
development  on  a  small  scale  could  probably  be  profitably  under- 
taken and  might  reveal  some  good  spar  not  now  exposed.  The 
deposit  is  located  2  miles  from  the  Maine  Central  Railroad  station 
at  Topsham.  The  nearest  point  on  the  railroad  is  only  three-fourths 
of  a  mile  southeast  of  this  quarry  and  the  one  previously  described, 
but  there  is  no  wagon  road  available  in  this  direction. 

Fisher^ 8  feldspar  quarry . — A  small  quarry  not  now  worked  is  situ- 
ated \\  miles  west-northwest  of  Cathance  station  along  the  northern 
valley  slope  of  Cathance  River.  This  quarry,  which  was  formerly 
operated  for  feldspar  by  J.  A.  Fisher,  consists  of  a  single  ])it  about 
150  feet  long  from  north  to  south,  20  feet  or  so  in  average  width, 
and  about  18  feet  in  maximum  depth.  It  is  located  on  a  southern 
hill  slope. 

As  in  most  of  the  other  feldspar  quarries,  there  is  no  regularity 
in  the   arrangement   of  the   constituent   minerals   with   the  single 
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exception  of  muscovite,  which  occurs  principally  along  certain  zones 
which  have,  however,  no  definite  trend  with  respect  to  the  general 
outlines  of  the  deposit. 

The  quartz  is  white  to  gray  in  color,  but  no  very  large  masses  are 
exposed. 

The  feldspar  is  cream  colored  and  is  shown  by  microscopic  exami- 
nation to  be  mainly  microcline  with  some  orthoclase.  Small  amounts 
of  the  soda  feldspar,  albite,  probably  occur  as  in  the  other  quarries 
in  this  vicinity,  though  none  was  observed  by  the  writer.  One  mass 
of  pure  feldspar,  3  to  4  feet  wide  and  10  feet  high,  exposed  on  the 
west  wall  of  the  quarry,  passes  by  perfect  gradations  into  a  coarse 
graphic  intergrowth  with  quartz  and  this  in  turn  into  a  much  finer 
graphic  intergrowth.  As  in  most  of  the  feldspar  quarries,  the  coarse 
graphic  granite  forms  the  bulk  of  the  material  mined  for  pottery 
purposes.  The  chemical  composition  of  graphic  granites  from  this 
quarry  is  discussed  on  pages  40,  124,  and  their  appearance  is  shown  in 
Plate  XVIII. 

The  muscovite,  so  far  as  present  exposures  show,  is  all  of  the  wedge 
variety  and  is  mainly  confined  to  certain  zones  which  penetrate  the 
pegmatite  irregularly  (see  PL  IX,  A,  and  p.  26);  being  localized  in 
this  manner,  it  does  not  seriously  interfere  with  the  feldspar  mining. 
The  muscovite  books  are  nearly  all  characterized  by  twinning  and 
wedge  structure.  No  plate  mica  was  observed.  Graphic  inter- 
growths  of  quartz  and  muscovite  are  common.  In  some  parts  of 
the  pegmatite  biotite  dominates  over  muscovite;  it  is  usually  most 
abundant  in  the  finer-grained  portions. 

An  examination  by  Wright  and  Larsen  of  the  white  quartz  of  the 
larger  quartz  areas  at  this  quarry  showed  that  it  probably  crystal- 
lized under  low-temperature  conditions.  Quartz  from  the  coarser 
phases  of  the  graphic  granite  was  also  examined  and  though  the 
results  were  not  conclusive  they  indicated  that  the  quartz  may  have 
crystallized  under  high-temperature  conditions.  Since  the  areas  of 
pure  quartz  are  closely  adjacent  to  those  of  graphic  granite  and 
indeed  grade  into  them  most  irregularly,  these  results  suggest  that 
the  crystallization  temperatures  of  the  pegmatite  mass  as  a  whole 
were  not  far  from  the  inversion  point  of  quartz  (about  575°  C); 
however,  the  imperfect  character  of  the  data  must  be  borne  in  mind. 
This  matter  is  discussed  in  more  detail  on  pages  36-39. 

Outcrops  are  not  numerous  enough  in  the  immediate  vicinity  to 
determine  the  extent  or  form  of  the  pegmatite  body.  The  materials 
exposed  in  the  present  excavation  seem  to  indicate  that  a  consid- 
erable supply  of  spar  is  still  available  and  seem  to  warrant  further 
development. 

WiUiamWilles  feldspar  quarry. — ^A  small  quarry  situated  1^  miles 
northwest  of  Cathance  station  and  operated  by  William  Willes  for  the 
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Trenton  Flint  and  Spar  Company  was  opened  early  in  1906.  It 
occupies  an  area  of  a  little  more  than  1  acre,  and  its  average  depth  is 
about  10  feet.  Natural  drainage  is  possible  at  present  depth,  but 
further  excavation  will  necessitate  pumping.  The  rock  is  a  wholly 
irregular  association  of  quartz,  feldspar,  mica,  and  rarer  minerals. 

The  quartz  is  mainly  light  gray  in  color  and  occurs  locally  in  pure 
masses  5  or  6  feet  in  diameter.  Many  even  of  the  larger  quartz 
masses  exhibit  crystal  faces  along  their  contact  with  other  minerals. 
Quartz  is  saved  in  the  quarrying  process  but  finds  only  a  very  irreg- 
ular market. 

The  feldspar  is  buff  colored  and  is  shown  by  microscopic  examina- 
tion to  be  mainly  orthoclase  and  microcline.  The  soda  variety, 
albite,  also  occurs  but  forms  only  a  small  percentage  of  the  total  mass 
of  feldspar;  a  few  crystals  of  albite  are  4  to  5  inches  across.  As  at 
most  of  the  Maine  feldspar  quarries,  the  great  bulk  of  the  material 
quarried  for  pottery  purposes  is  a  coarse  graphic  intei^owth  of  quartz 
with  potash  feldspar.  In  the  northern  part  of  the  quarry  a  mass  of 
pure  feldspar  10  feet  across  is  exposed  on  a  glaciated  surface. 

Muscovite  occurs  in  grapihc  intergrowth  with  quartz  and  also  in 
books,  the  latter  being  mostly  wedge  mica.  Some  of  these  books 
are  10  inches  across.  The  total  amount  of  muscovite  present  is  not 
sufficient  to  make  it  worth  while  to  save  it  in  quarrying. 

Biotite  is  about  equally  as  abundant  as  muscovite  and  occurs  in 
characteristic  lath-shaped  crystals;  one  of  these  was  4  feet  long,  8 
inches  wide,  and  1  inch  thick.  Much  of  the  biotite  is  decomposed  to 
what  appears  to  be  chlorite  colored  with  hematite. 

Garnet  is  moderately  abundant,  usually  occurring  in  compound 
crystals  of  dark-red  color  with  submetallic  luster. 

Beryl  is  moderately  abundant,  some  hexagonal  crystals  being  10 
inches  in  diameter.  Some  of  the  smaller  crystals  are  partly  trans- 
parent and  have  been  sold  to  mineral  collectors. 

Some  columbite  is  found  in  small  imperfectly  developed  crystals 
but  is  not  sufficiently  abundant  to  be  of  commercial  consequence. 

In  one  place  in  the  quarry  a  small  amount  of  homblendic  granite 
gneiss  occurs.  The  pegmatite  cuts  across  the  foliation  of  the  granite 
gneiss  and  is  plainly  somewhat  the  younger.  Its  exact  attitude  and 
boundaries  could  not  be  determined  because  of  the  scarcity  of  out- 
crops in  the  vicinity,  but  it  is  probable  that  further  stripping  near  the 
present  workings  will  reveal  considerable  amounts  of  commercially 
valuable  spar. 

At  the  time  of  the  writer's  visit  seven  laborers  were  employed  in  the 
quarry  besides  the  foreman  and  the  superintendent.  The  rock  is 
hauled  by  two  2-horse  teams  a  distance  of  IJ  miles  to  the  feldspar 
mill  near  Cathance  station. 
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Maine  Feldspar  Company's  quarry, — ^A  small  feldspar  quarry  a  few 
rods  southeast  of  the  one  just  described  was  opened  in  1906  by  the 
Maine  Feldspar  Company,  of  Auburn,  Me.  The  rock,  which  is  similar 
in  every  way  to  that  at  the  William  Willes  quarry,  is  hauled  by  team 
about  1\  miles  to  Cathance  station  and  from  there  shipped  by  rail  to 
the  Maine  Feldspar  Company's  mill  at  Littlefield,  3  miles  southwest 
of  Auburn. 

G,  D,  Willes  feldspar  quarry, — A  feldspar  quarry  operated  for  the 
Trenton  Flint  and  Spar  Company  by  G.  D.  Willes,  of  Brunswick,  is 
situated  about  2  miles  northwest  of  Cathance  station  and  is  the 
oldest  and  by  far  the  largest  of  the  Topsham  quarries.  Its  irregular 
opening  covers  several  acres  and  the  material  is  excavated  from 
several  levels,  the  greatest  depth  being  about  50  feet. 

Although  the  great  bulk  of  the  commercial  spar  now  taken  from  this 
quarry  is  a  coarse  graphic  intergrowth  of  feldspar  and  quartz,  masses 
of  pure  quartz  and  of  pure  feldspar  occur  which  are  larger  than  those 
seen  at  any  other  quarry  in  the  State.  A  single  mass  of  pure  white 
quartz  in  the  northern  part  of  the  quarry  is  50  feet  long  and  is  exposed 
for  a  height  of  10  feet.  The  pegmatite  is  in  general  coarser  at  the 
northern  than  at  the  southern  end  of  the  quarry. 

The  feldspar  also  occurs  here  and  there  in  crystals  of  large  size,  one 
in  the  northern  part  of  the  quarry  measuring  15  feet  across.  The 
bulk  of  the  feldspar,  as  shown  by  microscopic  study,  belongs  to  the 
potash  varieties  orthoclase  and  microcline,  but  some  small  masses, 
not  many  of  them  more  than  a  few  inches  across,  are*  of  the  white  soda 
feldspar,  albite.   . 

On  the  wall  at  the  extreme  southern  end  of  the  quarry  certain  por- 
tions of  the  pegmatite  up  to  a  foot  or  so  in  width  are  a  micrographic 
granite  and  exhibit  the  peculiar  structure  described  on  page  123. 

Muscovite  is  concentrated  along  certain  belts  traversing  the  peg- 
matite mass  in  various  directions.  Their  general  form  is  similar  to 
that  shown  in  Plate  IX,  A.  The  central  portions  for  a  width  of  a  few 
inches  consist  of  an  aggregate  of  heterogeneously  disposed  muscovite 
plates,  few  of  them  over  one-fourth  inch  in  diameter.  From  this  finer- 
grained  portion  spearhead-shaped  books  of  muscovite,  some  of  them 
a  foot  in  length,  showing  wedge  structure,  project  in  a  direction  nearly 
at  right  angles  to  the  general  plane  of  the  mica  belt.  In  the  southern 
part  of  the  quarry  muscovite  occurs  also  in  nearly  equidimensional 
aggregates,  in  some  places  5  feet  across,  made  up  of  small,  hetero- 
geneously arranged  plates  averaging  about  one-fourth  inch  across. 
From  their  borders  these  muscovite  aggregates  send  off  spearhead- 
shaped  books  of  muscovite  into  the  surrounding  quartz,  feldspar, 
and  graphic  granite.  Some  graphic  intergrowths  of  quartz  and  mus- 
covite occur,  but  they  are  not  abundant.     Under  present  conditions 
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it  would  probably  not  pay  to  save  as  scrap  mica  the  muscovite. 
obtained  in  the  feldspar  mining.     No  plate  mica  was  observed. 

Biotite  is  moderately  abundant  in  certain  parts  of  the  pegmatite. 
It  penetrates  the  feldspar  and  quartz  in  lath-shaped  masses,  the 
largest  of  which  was  2  yards  long  by  3  inches  wide  and  one-fourth 
inch  thick. 

As  in  most  other  feldspar  quarries,  small  garnets  are  abundant 
only  in  certain  portions  of  the  deposit,  the  coarser  graphic  granite 
and  the  pure  feldspar  being  almost  entirely  free  from  them,  and  they 
are  not  seriously  injurious  to  the  commercial  value  of  the  deposit. 

Cavities  up  to  1  foot  in  diameter  and  of  various  form  are  rather  a 
constant  feature  of  the  coarser  portions  of  the  pegmatite  in  the  north- 
em  part  of  the  quarry.  They  may  occur  within  the  areas  of  pure 
quartz  or  feldspar,  on  the  border  between  quartz  and  feldspar  masses, 
or  more  rarely  in  the  coarse  graphic  granite.  Usually  they  contain 
groups  of  somewhat  smoky  semitransparent  quartz  crystals,  some  of 
which  make  handsome  cabinet  specimens.  In  a  few,  transparent 
green  tourmalines  and  aquamarines  (beryl)  of  gem  quality  have  been 
found. 

The  schists  and  gneisses  which  border  the  pegmatite  are  exposed  at 
the  southern  end  of  the  quarry,  where  they  show  evidence  of  much 
softening  as  a  result  of  the  pegmatite  intrusion.  In  general  they  are 
rather  flat  lying.  Probably  the  pegmatite  mass  is  also  in  general 
somewhat  flat  lying,  though  very  irregular.  It  is  probable  that  the 
workable  pegmatite  does  not  extend  southward  much  beyond  the 
limits  of  the  present  pit,  but  northward  it  is  know^  to  extend  into 
property  said  to  be  controlled  by  the  Maine  Feldspar  Company. 
Here  it  has  been  worked  in  the  past  from  a  number  of  small  openings 
and  very  considerable  amounts  of  commercial  spar  are  still  available. 

The  methods  of  operation  at  this  quarry  are  somewhat  antiquated 
for  a  working  of  this  size,  the  drilling  all  being  done  by  hand  and  the 
blasting  by  black  powder.  A  tramway  carries  the  waste  to  dump 
piles  and  the  good  rock  to  stock  sheds,  from  which  it  is  loaded  into 
wagons  and  hauled  If  miles  to  the  mill  near  Cathanco  station  (p.  18). 

North  To pshum  feldspar  quarry, — A  feldspar  quarry  in  the  northern 
part  of  the  town  of  Topsham,  one-half  mile  west  of  Cathance  River 
and  1  mile  south  of  the  Topsham-Bowdoinham  line,  was  fonnerly 
operated  by  the  Trenton  Flint  and  Spar  Company,  the  rock  being 
hauled  by  team  2  miles  to  the  mill  near  Cathance  station.  The 
quarry  is  located  on  the  western  valley  slope  of  the  river  and  is  an 
irregular  opening  extending  north  and  south  along  the  hill  slope  for 
about  200  feet  and  extending  into  the  hill  for  about  40  feet.  There 
is  a  complete  absence  of  any  regularity  in  the  arrangements  of  the 
pegmatite  constituents. 
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The  quartz  is  prevailingly  white  or  light  gray,  though  smoky  in 
some  places. 

The  feldspar  is  white  to  cream  colored,  and  is  shown  by  microscopic 
examination  to  be  mainly  orthoclase,  with  small  amounts  of  albite 
and  microcline.  The  albite  in  many  places  forms  a  fine  microscopic 
intergrowth  (microperthite)  with  the  orthoclase.  Some  pure  feldspar 
masses  measure  4  to  5  feet  in  diameter,  but  the  bulk  of  the  material 
quarried  for  pottery  purposes  was  a  graphic  intergrowth  of  quartz  and 
feldspar. 

Muscoyite,  mostly  pale  green  in  color,  is  generally  graphically 
intergrown  with  quartz,  though  a  few  books  of  clean  mica  up  to  5  or 
6  inches  in  diameter  occur.  These  are  all,  so  far  as  observed,  of  the 
wedge  variety,,  and  the  quantity  is  so  small  that  it  would  be  hardly 
worth  while  to  save  them  for  scrap  mica. 

Biotite  is  not  very  abundant  in  any  part  of  the  quarry  and  in  some 
parts  is  wholly  absent.  Where  it  occurs  it  forms  thin  lath-shaped 
crystals  averaging  about  6  inches  long,  1  inch  wide,  and  one-fourth 
inch  thick. 

Garnet  is  absent  from  much  of  the  pegmatite  but  locally  is  abun- 
dant in  the  finer-grained  portions  in  crystals  from  one-sixteenth  to 
one-fourth  inch  iA  diameter.  Veiy  rarely  a  crystal  measuring  3 
inches  is  found,  and  in  these  the  garnet  is  usually  graphically  inter- 
grown with  quartz.  The  color  ranges  from  pink  to  deep  red,  with  sub- 
metallic  luster. 

The  area  and  form  of  this  pegmatite  body  could  not  be  determined 
because  of  the  scarcity  of  outcrops  in  the  vicinity  of  the  quarry,  but 
the  occurrence  at  short  distances  east  and  west  of  small  masses  of 
pegmatite  of  commercial  grade  seems  to  indicate  that  the  deposit 
may  extend  considerably  beyond  the  area  now  exposed. 

The  quantity  of  material  in  sight  and  the  freedom  of  most  of  the 
material  from  iron-bearing  minerals  favors  further  development. 

MiU  of  the  Trenton  Flint  and  Spar  Company, — ^The  feldspar  mill  of 
the  Trenton  Flint  and  Spar  Company  is  located  on  Cathance  River 
about  one-half  mile  north  of  Cathance  station.  During  high  water 
it  utilizes  the  water  power  of  this  small  river,  but  it  is  also  provided 
with  steam  power.  Its  equipment  consists  of  three  chaser  mills  and 
four  ball  mills  of  the  usual  types.  The  grinding  process  is  that 
described  on  page  127.  The  capacity  of  the  mill  is  about  16  tons  in 
twenty-four  hours,  the  ground  spar  being  hauled  by  wagons  for  one- 
half  mile  from  the  mill  to  Cathance  station,  on  the  Maine  Central 
Railroad,  where  it  is  loaded  for  shipment. 

Vicinity  of  Topaham  village. — At  a  small  road-metal  quarry  on  the 
west  slope  of  Mount  Ararat  the  dominant  rock  type  is  a  hornblende 
granite  schist  of  regular  and  well-marked  foliation.     It  strikes,  in  the 
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main,  about  N.  35°  E.  and  dips  50°  SE.  In  both  megascopic  and 
microscopic  appearance  it  is  practically  identical  with  the  lighter 
phases  of  the  schist  from  the  road-metal  quarry  in  Brunswick  vil- 
lage (p.  61).  As  at  that  quarry,  dominant  acidic  bands  of  schist, 
prevailingly  pink  or  gray  in  tone,  alternate  with  smaller  amounts  of 
dark-gray  bands  of  quartz  diorite  and  other  nearly  black  bands  of 
diorite  schist.  Under  the  microscope  these  schists  show  no  cataclastic 
structures;  they  owe  their  foUated  structure  to  parallel  elongation  of 
the  hornblende  grains  and  to  some  extent  also  of  the  grains  of  biotite 
and  quartz.  Nothing  either  in  their  texture  or  their  composition 
indicates  that  they  are  not  primary-flow  gneisses. 

Both  in  the  Ughter  and  darker  phases  of  the  schist,  but  much  more 
abundantly  in  the  Ughter,  are  coarser  bands  of  pegmatitic  texture, 
consisting  mainly  of  quartz  and  feldspar,  with  some  biotite  and  mag- 
netite. Many  of  these  are  parallel  to  the  foUation  of  the  schist  and 
are  of  even  width  and  uniform  character  for  several  yards.  Others, 
especially  the  larger  masses,  cut  distinctly  across  the  schist  folia,  the 
contact  being  sharp  and  without  suggestion  of  absorption. 

An  interesting  feature  of  some  of  the  pegmatite  bands  which  par- 
allel the  foUation  of  the  schists  is  the  presence  in  them  of  a  slight  foU- 
ation paraUel  to  that  of  the  inclosing  schist.  As  in  the  schist,  this 
foUation  is  defined  by  bands  richer  than  the  bordering  portions  in 
hornblende  and  biotite.  In  one  place  a  faint  foUation  is  perceptible 
in  the  center  of  a  pegmatite  mass  IJ  feet  wide  that  cuts  across  the 
foUation  of  the  schists.  It  does  not  parallel  the  trend  of  the  dike 
but  does  paraUel  the  foUation  of  the  inclosing  schist  and  is  defined 
by  the  arrangement  of  the  quartz  in  elongate  and  somewhat  irregu- 
lar bands.  As  there  is  no  evidence  of  appreciable  absorption  of  the 
schist  by  the  pegmatite  magma,  and  also  no  evidence  of  metamor- 
phism  subsequent  to  the  intrusion  of  the  pegmatite,  such  foUation  in 
the  pegmatite  is  strongly  suggestive  of  parallel  flowing  movements 
in  the  schist  and  in  some  of  the  pegmatite.  The  field  and  microscopic 
evidence  on  the  whole  favors  the  conception  that  the  schists  are  of 
primary  or  flow-igneous  origin,  and  that  some  of  the  pegmatite  was 
crystalUzing  before  flowage  had  entirely  ceased  in  the  bordering 
schist,  but  that  other  portions  of  the  pegmatite  were  intruded  after 
the  schist  had  completely  solidified.  The  practical  identity  in  min- 
eral character  between  the  different  masses  of  pegmatite  at  this  quarry 
suggests  that  the  distinctly  intrusive  portions  were  only  slightly  later 
crystalUzations  than  their  host  and  that  all  the  pegmatite  had  the 
same  magmatic  source. 

One  of  the  largest  masses  of  graphic  granite  observed  was  on  the 
west  slope  of  the  180-foot  hill  in  the  sharp  bend  of  Androscoggin 
River  just  west  of  Brunswick.  The  ledge,  wliich  is  in  plain  sight 
from  the  railroad  track,  is  150  feet  long  and  averages  25  feet  wide. 
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Practically  this  whole  mass  is  a  graphic  intergrowth  of  quartz,  with 
white  to  pale  pink  orthoclase  and  microcline.  Some  of  the  feldspar 
crystals  of  this  intergrowth  are  shown  by  reflections  from  their  cleav- 
age faces  to  be  2 J  feet  across.  The  coarseness  varies  rapidly  from 
point  to  point  even  within  the  range  of  a  single  feldspar  individual. 
At  the  south  end  of  the  outcrop  the  grapliic  granite  grades  into  peg- 
matite of  irregular  texture,  showmg  some  masses  of  pure  feldspar 
2  to  3  inches  across.  Both  the  graphic  granite  and  this  irregular- 
textured  pegmatite  inclose  scattered  biotite  laths. 

At  the  south  end  of  this  exposure  also  there  is  some  associated 
gray  gneiss.  In  one  place  the  pegmatite  cuts  directly  across  the 
folia  of  the  gneiss.  In  other  places  graphic  granite  forms  knots  or 
short  lenses  up  to  6  inches  in  width  between  the  gneiss  folia.  The 
mass  of  graphic  granite  exposed  in  tliis  ledge  is  the  largest  contin- 
uous mass  observed  by  the  writer  in  the  State. 

ECONOMICAIiliT  IMPORTANT  PEGMATITE  MINERAIiS. 

FELDSPAB. 

The  feldspars  are  compounds  of  alumina  and  silica  with  one  or 
more  of  the  bases  potash,  soda,  and  lime;  rarely  barium  is  present. 
They  fall  into  two  principal  groups,  the  potash-soda  feldspars  and 
the  Ume-soda  feldspars,  both  of  which  may  be  present  in  the  same 
deposit  or  even  intergrown  in  the  same  crystal. 

POTASH-SODA   FELDSPARS. 

The  principal  representatives  of  the  potash-soda  feldspar  group 
are  orthoclase  and  microcline,  both  of  which  have  the  composition 
EAlSigOs  or  KaO.Al20s.6Si02.  These  two  varieties  have  also  the 
same  crystal  form  and  are  similar  in  most  of  their  physical  proper- 
ties. For  commercial  purposes  they  may  be  regarded  as  identical, 
for  they  can  not  be  distinguished  from  each  other  with  the  unaided 
eye  and  are  often  associated  in  the  same  crystal.  The  theoretical 
percentage  composition  of  pure  orthoclase  or  microcline  is  silica 
(SiO,),  64.7  per  cent;  alumina  (AljOg),  18.4  per  cent;  and  potash 
(E/)),  16.9  per  cent.  Soda  may  partly  or  completely  replace  potash 
in  these  feldspars.  If  it  is  more  abundant  than  the  potash,  the  feld- 
spar is  called  anorthoclasc. 

The  feldspar  of  the  potash-soda  group  mined  in  the  United  States 
is  mostly  pale  flesh  colored  to  nearly  white,  though  that  from  Bed- 
ford, N.  Y.,  is  reddish  and  that  from  near  Batchellerville,  N.  Y.,  is 
pearl  gray.  The  potash  spars  from  Norway  and  from  Bedford, 
Ontario,  are  reddish  in  color.  The  cause  of  the  reddish  color  is  not 
definitely  known,  but  in  some  feldspars  it  seems  to  be  due  to  the 
presence  of  small  quantities  of  finely  divided  iron  oxide.     The  per- 
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centage  of  iron  oxide  is  smaller,  however,  in  many  pink  feldspars 
than  in  those  of  lighter  color.  All  the  pink  spars  bum  perfectly 
white,  and  the  iron  content  is  too  small  to  be  in  the  least  detrimental 
in  pottery  manufacture.  Fresh  feldspar  is  so  hard  that  only  with 
difficulty  can  it  be  scratched  with  a  knife  blade. 

As  found  in  the  quarries,  the  potash-soda  feldspars  seldom  show 
true  crystal  faces,  but  when  undecomposed  break  readily  into  angu- 
lar pieces,  bounded  in  part  by  smooth  cleavage  faces.  There  are 
three  directions  of  cleavage,  intersecting  at  definite  angles,  which 
are  practically  identical  in  orthoclase  and  microcline  and  are  only 
slightly  different  in  the  soda-bearing  feldspars  of  this  group.  Only 
two  of  the  cleavages  are  well  defined,  and  these  invariably  intersect 
approximately  at  right  angles.  Both  of  these  principal  cleavage 
surfaces  show  a  high  luster,  comparable  to  that  exhibited  by  a  plate 
of  glass,  though  one  cleavage  face  is  a  trifle  less  brilUant  than  the 
other.  The  hardness  and  the  two  lustrous  cleavage  planes  inter- 
secting at  right  angles  are  usually  sufficient  to  identify  a  mineral  as 
belonging  to  the  group  of  potash-soda  feldspars. 

Recent  experiments  have  shown  that  the  potash-rich  feldspars 
have  no  definite  melting  point,  as  metals  have,  foT  example.  Fusion 
tests  made  on  finely  powdered  microcline  in  the  geophysical  labo- 
ratory of  the  Carnegie  Institution*  showed  that  at  1,000°  C.  traces 
of  sintering  were  evident;  at  1,075°  the  powder  had  formed  a  soUd 
cake;  at  1,150°  this  cake  had  softened  somewhat;  and  at  1,300° 
it  had  become  a  viscous  liquid  which  could  be  drawn  out  into 
glassy  threads.  In  most  of  the*  determinations  complete  fusion  has 
taken  place  in  the  dry  state  at  temperatures  below  Seger  cone  No.  9, 
which  fuses  at  1,310°  C,  or  2,390°  F. 

The  great  bulk  of  the  feldspar  quarried  in  the  eastern  United  States 
and  in  Canada  belongs  to  the  class  described  above,  being  orthoclase 
or  microcline  or  an  intergrowth  of  the  two.  In  most  quarries  this  is 
associated  with  minor  quantities  of  soda  feldspar — albite  or  oligoclase — 
occurring  either  in  separate  crystals  or  delicately  intergrown  with 
the  potash  feldspar,  as  shown  in  Plate  XVII.  The  presence  of  the 
soda  spar  rendei^  the  ground  product  slightly  more  fusible.  The 
specific  gravity  of  orthoclase  and  microcline  varies  from  2.54  to  2,66. 

LIME-SODA  FELDSPARS  OR  PLAGIOCLASES. 

The  lime-soda  group  of  feldspars,  the  plagioclases,  as  they  are 
called,  form  a  continuous  series  ranging  from  pure  soda  feldspar, 
albite,  at  one  end  to  pure  lime  feldspar,  anortliite,  at  the  other  end. 
The  chemical  composition  of  albite  is  represented  by  the  formula 
NaAlSiaOg  (designated  Ab)  or  NajO.AljOg.GSiOj,  being  similar  to  that 

a  Day,  A.  L.,  and  Alien,  E.  T.,  The  ifiomorphism  and  thermal  proporties  of  the  feldspars:  Pub.  31  Car- 
negie Inst,  of  Washington,  1905,  pp.  l»-75;  also  Am.  Jour.  Sci.,  4th  .ser.,  vol.  19.  Vjo5,  pp.  93-142. 
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of  orthoclase,  except  that  soda  is  present  in  place  of  potash.  The 
composition  of  anorthite  is  represented  by  the  formula  CaAljSijO, 
(designated  An)  or  CaO.Al203.2Si02.  The  intermediate  members  of 
this  feldspar  series  are  mixtures  in  varying  proportions  of  the  two 
molecules  Ab  and  An  and  have  been  divided  arbitrarily,  as  shown  in 
the  following  table: 

Lime-soda  series  of  feldspars. 


Albite AbjAno  to  AbeAiii 

Oligocla^e Ab^Ani  to  AbjAnj 

Andesine AbsAiii  to  AbiAxij 


Labrador! te AbjAiii  to  AbiAns 

Bytownite AbiAoa  to  AbiAn^ 

Anorthito AbiAn^'to  Abj^Aiii 


The  following  table  shows  the  percentages  of  the  various  oxides 
corresponding  to  each  feldspar  variety : 

Percentage  weights  of  the  oxides  in  the  feldspars  in  the  lime-soda  series. 


Albite,  AbiAno.... 

Abe  Ani 

Aba  Ani 

Abi  Adi 

Abi  Ana 

Abi  Aiu 

Anorthite,  Abo  Am 


SiOs. 

AlsOi. 

Na<0. 

68.7 

10.5 

11.8 

64.0 

22.1 

10.0 

62.0 

24.0 

8.7 

55.6 

28.3 

5.7 

49.3 

32.6 

2.8 

4&6 

34.4 

1.6 

43.2 

36.7 

.0 

CaO. 


0.0 
3.0 
5.3 
10.4 
15.3 
17.4 
20.1 


The  field  and  microscopic  studies  made  by  the  writer  and  the  few 
analyses  available  indicate  that  most  of  the  plagioclase  present  in 
feldspar  deposits  worked  for  pottery  purposes  belongs  to  the  sodic 
varieties,  albite  or  oligoclase,  though  the  more  calcic  varieties  are 
probably  also  present  in  minor  amounts  in  a  few  localities.  In  color 
the  albite  and  oligoclase  range  from  pure  white  to  pale  green.  In 
their  commonest  forms  they  show,  as  do  the  feldspars  of  the  potash- 
soda  group,  two  principal  cleavage  faces  with  brilliant  luster,  but 
these  intersect  not  at  90°,  as  in  orthoclase  and  niicrocline,  but  at 
about  86°.  This  difference  in  angle  is  not  readily  recognizable  with- 
out careful  measurements,  and  in  the  field  albite  and  other  lime-soda 
feldspars  are  most  readily  distinguished  from  the  potash-soda  feld- 
spars by  the  presence  in  them  of  faint,  perfectly  straight  striations  on 
the  most  brilliant  of  the  cleavage  faces.  These  are  the  result  of 
repeated  twinning  of  the  crystal  and  are  best  seen  by  holding  the 
crystal  in  the  sunlight  so  as  to  catch  the  reflection  from  the  ])rincipal 
cleavage  face.  By  turning  the  crystal  slightly  one  way  or  another 
the  striations,  if  present,  are  readily  recognized. 

Pure  soda  feldspar,  or  albite  (NaAlSigOg,  designated  Ab),  like 
potash  feldspar,  has  no  definite  melting  point  but,  as  shown  by  Day 
and  Allen,*"  melts  at  temperatures  having  a  range  of  150°  C.  or  more, 
certain  portions  of  a  crystal  persisting  solid  while  other  portions  are 


a  Day,  A.  L.,  and  Allen,  E.  T.,  loc.  clt. 
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fluid.  Melting  in  a  piece  of  natural  albite  was  observed  to  begin 
below  1,200°  C.  and  was  not  complete  at  1,250°.  Complete  fusion 
takes  place  in  albite  at  a  somewhat  lower  temperature  than  in  ortho- 
clase  and  microcline.  Hence  in  the  manufacture  of  pottery  a  glaze 
prepared  with  albite  will  become  fluid  and  will  run  at  a  kiln  tempera- 
ture at  which  a  potash-feldspar  glaze  remaiDs  more  viscous  and 
yields  good  results. 

The  feldspars  of  this  class  that  contain  notable  amounts  of  calcium 
have  fairly  well  defined  melting  points.  These  melting  points,  as 
determined  by  Day  and  Allen,"  are  given  below,  with  the  determina- 
tions of  their  specific  gravity: 

Melting  Umperature  and  specific  ffravUy  of  lime-soda  feldspars. 


Albite,  Abi  Ano 

Abi  Ant 

Abj  Adi 

Abi  Ant 

Abi  Adi 

Abi  An& 

Anorthlte,  Abo  Am. 


1,340 
1,367 
1,419 
1,463 
1,500 
1,532 


Specific 
gravity 
of  crys- 
talline 
form. 


2.605 
2.649 
2.660 
2.679 
2.710 
2.733 
2.765 


As  shown  in  this  table  the  melting  points  become  progressively 
higher  and  the  miilerals  become  heavier  with  increase  in  the  per- 
centage of  calcium. 

If  a  melt  composed  solely  of  the  constituents  of  pure  potash  feld- 
spar or  pure  soda  feldspar  is  allowed  to  cool  the  result  is  invariably  a 
glass;  a  crystalline  product  has  not  yet  been  obtained  in  this  way. 
If,  however,  melts  of  the  lime-rich  feldspars  are  cooled,  partial  or 
complete  crystallization  usually  takes  place.  It  is  this  property  of 
cooling  to  a  glass  that  renders  the  potash  and  soda  rich  feldspars 
serviceable  for  use  in  making  glazes  for  pottery  and  enamelware. 
The  crystallization  that  takes  place  in  the  lime-rich  feldspars  under 
similar  conditions  makes  them  worthless,  or  at  least  much  less  desir- 
able, for  these  uses. 

The  following  analyses  show  the  chemical  characters  of  typical 
feldspars  that  are  used  commercially.  Most  of  the  specimens  of 
crude  material  analyzed  were  especially  selected  for  their  purity  and 
are  not  typical  of  the  material  in  commercial  use.  .Nos.  5  and  6, 
however,  are  analyses  of  specimens  of  ground  ''spar^'  collected  by 
the  writer  personally  from  the  bins  at  feldspar  mills  and  represent 
mc^terials  in  actual  commercial  use. 


a  Day,  A.  L.,  and  Allou,  K.  T.,  loc.  cit. 
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Analyses  of  feldspars. 


Silica  (SiOs) 

Alumina  (AliOa) 

Ferric  oxide  (FoiOa). 

Lime(CaO) 

MagDeria(MgO) 

Potaah(KtO) 

8oda(Na<0) 

Water  (HtO) 

Loss  on  ignition 


Selected  specimens  of  crude 
feldspar. 


1. 


64  7 
18  4 


16.9 


100.0 


2. 


64.96 

19.18 

.33 

Trace. 

.25 

12.79 

2.32 


.48 


100  33 


3. 


66.23 

18.77 

Trace. 

.31 

None. 

12.09 

3  11 


100.51 


4. 


66.95 

18.00 

.12 

1.05 

Trace. 

12.13 

2.11 


99.30 


Commercial 

specimens  of 

ground  feldspar. 


76.37 
(■13.87 


.26 

None. 

5.24 

3.74 

.30 


90.78 


6. 


65.87 
a  19. 10 


.20 

None. 

12.24 

2.56 

.64 


100.61 


a  Includes  trace  of  iron  and  any  TiOs  and  PsO»  that  may  be  present. 

1.  Theoretical  comnositlon  of  pure  orthoclase  or  microcline. 

2.  Specimen  of  cruae  Norwegian  potash  feldspar,  probably  with  some  intergrown  soda  feldspar  (albite). 
Used  at  the  Royal  Porcelain  Works  at  Charlottenburg,  Sweden. 

3.  Crude  pink  orthoclase-microcline  feldspar,  evidently  intergrown  with  some  soda  feldspar  (albite). 
From  fddspar  quarry  of  Richardson  A  Sons,  Bedford,  Ontario.  Analysis  by  J.  B.  Cochrane,  Royal  Mili- 
tary College,  Kingston,  Ontario. 

4.  Crude  pink  potash  feldspar;  microcline  inteigrown  with  small  amounts  of  soda  feldspar  (albite). 
From  feldspar  quarry  of  P.  H.  Kinkles's  Sons,  Bedford,  Westchester  County,  N.  Y.  Analyses  made  for 
John  C.  Wiarda  &  Co. 

5.  Ground  commereial  feldspar  from  Kinkles's  quarry,  Bedford,  N.  Y.;  so<»Ued  No.  3  erade;  used  In 
glass  manufacture  but  not  for  pottery.  Sample  taken  by  writer  from  bins  at  mill  of  P.  U.  Kinkles's  Sons. 
Analysis  by  George  Steiger.  in  laboratory  of  United  States  Geological  Survey. 

6.  Ground  commercial  feldspar  from  quarry  of  J.  B.  Richardson  &  Sons,  Bedford,  Ontario,  No.  1  grade. 
Sample  taken  by  writer  from  bins  at  mill  of  Eureka  Flint  and  Spar  Company,  Trenton,  N.  J.  Analy- 
sis by  George  Steiger,  in  ktl)oratory  of  United  States  Geological  Survey. 

The  approximate  mineral  composition  of  the  samples  of  the  com- 
mercial ground  feldspars  (Nos.  5  and  6),  as  computed  from  the 
analyses,  is  as  follows: 

Approximate  mineral  composition  of  feldspars  Nos.  5  and  6,  above. 


Quart*  (SlOt) 

Potash  leldspar  (microcline  or  orthoclase)  ( KAlSUOi) 

Soda  feldspar  (albite),  containing  some  lime  (NaAlSijOi  and  CaAltSisO*) 

Moisture  (HaO) 

Other  constituents 


5. 

34.37 

30.58 

32.83 

.30 

1.63 

99.72 

6. 


3.84 

72.28 

22.50 

.64 

1.22 


10a57 


Samples  Nos.  5  and  6  may  be  taken  to  represent,  so  far  as  the 
percentage  of  quartz  is  concerned,  the  two  extremes  among  potash 
"spars*'  in  commercial  use.  No.  5  is  much  richer  in  quartz  and  in 
soda  feldspar  than  the  higher  grades  from  this  same  quarry  and  is 
suitable  only  for  use  in  glass  making,  for  enamel  ware,  and  for  like 
uses.  No.  6  is  the  best  grade  of  Canadian  spar,  which  is  almost  free 
from  quartz  and  brings  as  high  a  price  as  any  spar  on  the  market. 
The  bulk  of  the  No.  2  grade  or  standard  spar  that  is  on  the  market  is 
intermediate  in  its  percentage  of  quartz  between  samples  5  and  6, 
the  percentage  in  most  of  it  being  between  15  and  25  per  cent. 
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GRAPHIC   GRANITE. 


Much  of  the  quartz  and  feldspar  of  certain  pegmatite  deposits  is 
regularly  intei^own  in  the  form  of  graphic  granite.  (See  PI.  XVIII 
and  p.  22.)  At  the  majority  of  feldspar  quarries  most  of  the  material 
shipped  is  graphic  granite,  though  whatever  pure  feldspar  occurs  is 
usually  also  included  and  serves  to  raise  the  percentage  of  feldspar 
in  the  whole  mass.  Analyses  of  four  specimens  of  graphic  granite 
are  given  below^.  These  analyses  were  made  by  George  Steiger  in  the 
laboratory  of  the  United  States  Geological  Survey. 

Analyses  of  graphic  granite. 


1. 

2. 

3. 

4. 

SiOj... 

73.89 
13.75 

\      .20 

None. 

None. 

2.10 

9.00 

.24 

73.92 
14.20 

.30 

None. 

None. 

2.06 

8.99 

.11 

72.76 
a  15. 47 

71  00 

AljOj 

a  16  31 

FesOa 

FeO 

MgO 

None. 

.19 
2.35 
0.28 

.15 

None 

CaO ' 

.22 

Na»0 

3.44 

KiO 

8.06 

IIiO 

.12 

99.24 

99.64 

100.20 

99.75 

a  Includes  trace  of  iron  and  any  TiOt  and  PtO&  that  may  be  present. 

1.  Coarse  eraphic  granite  from  Fisher's  feldspar  quarry  (abandoned),  Topsham,  Me.  Trace  of  Ps0i. 
The  quartz  layers  in  this  specimen  average  about  0.1  inch  and  the  feldspar  layers  0.4  inch  across.  The 
feldspar  is  cream-colored  pot4)iSh  feldspar  (microcline),  finely  (perthitically)  intergrown  with  smaller 
amounUs  of  soda  feldspar  (albile). 

2.  Moderately  coarse  graphic  granite  from  Fisher's  feldspar  quarry  (abandoned),  Topsham,  Me.  Grades 
into  No.  1.  Trace  of  PsO^.  The  quartz  layers  in  this  specimen  average  about  0.05  Inch  across  and  the 
feldspar  layers  about  0.15  inch  across.    The  feldspars  are  of  the  same  character  as  in  No.  1. 

3.  Fine-gmlned  graphic  grwiite  from  Kinlcles^  feldspar  quarry,  Bedford.  Westchester  County,  N.  Y. 
The  quartz  layers  in  this  specimen  average  alx}ut  0.03  inch  across  and  the  feldspar  layers  about  0.06  inch 
across.  The  feldspars  are  pale  pink  microcline  finely  intergrown  with  smaller  amounts  of  soda  feldspar 
(albite),  containing  a  little  lime. 

4.  Graphic  granite  from  Andrews  quarrj',  Portland,  Conn.,  varying  in  coarseness,  but  all  extremely  fine 
grained.  The  quartz  layers  in  this  specimen  average  not  more  than  0.02  of  an  inch  across  and  the  feldspar 
layers  not  more  than  0.05  inch  across.  Some  small  areas  of  pure  feldspar  were  asiociated  with  the  grapnic 
granite  in  this  specimen,  so  that  the  silica  percentage  shown  in  the  analvsis  is  lower  than  it  would  be  for 
graphic  granite  alone  of  this  fineness.  The  feldspars  are  white  potash  feldspar  (microcline),  intergrown 
with  smaller  amounts  of  soda  feldspar  (albite),  containing  a  little  lime. 

If  allowance  is  made  for  the  water  present  and  the  proportion  of 
quartz  to  feldspars  calculated  from  the  above  analyses,  the  results 
are  as  follows: 

Proportions  of  quartz  and  feldspar  in  graphic  granites  Nos.  1  to  4  above. 


4. 


Quartz  (SiOa) 

Potjush  feldspar  (microcline)  ( K AlSiaOg) 

Soda  feldspar  (albite)  with  small  amounts  of  lime  feldspar  in  Nos.  3  and 

4  ( NaAlSi.Oa.ra.MsSijOi) 

Other  constituents 


1. 

2. 

3. 

27.13 
54.42 

18.  45 
Tni(*. 

26. 26 
55.22 

18  52 
Trace. 

22.94 
54.95 

20.0f» 
1.12 

100.00 

KXJ.  00 

100.00 

17.65 
51.37 

30.05 
.92 


99. 9<) 


Note.— Nos.  l  and  2,  represenWnq  graphic  granite  from  Fi.sher's  quarry  in  Topsham.  Me.,  show  prac- 
tically identical  proportions  Iwitween  the  quartz  and  the  feldspar,  although  No.  2  is  more  lh;m  twice  iw 
coarse  as  No.  1.  In  >Io.  3,  from  Bedford,  N.  Y.,  .soda-iime  feldspar  i.s  more  ahiindunt  ihaii  in  Nos.  1  nn«i  2, 
and  the  proportion  of  quartz  is  slightly  less.  In  No.  4  some  pure  feldspar  i?  associat^'d  with  the  iiraphic 
intergrowth  of  feldspar  and  quartz,  so  that  the  proportion  of  quartz  in  the  whole  specimen  is  lower  than  in 
any  of  the  other  samples. 
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A  graphic  intergrowth  of  potash  feldspar  and  quartz  from  Elf karleo, 
Sweden,  which  was  so  fine  grained  that  the  graphic  structure  could 
be  seen  only  under  the  microscope,  showed  on  analysis  about  79.2 
per  cent  of  feldspar  and  20.8  per  cent  of  quartz.  From  the  analyses 
given  above  and  from  numerous  others  which  have  been  published 
the  conclusion  seems  justified  that  the  proportion  of  feldspar  to  quartz 
in  graphic  granites,  though  varying  somewhat  according  to  the  com- 
position of  the  feldspars,  is  nevertheless  fairly  constant  and  is  not 
dependent  on  coarseness  of  grain.  This  fact  is  of  practical  impor- 
tance, for  a  large  proportion  of  the  commercial  "spar"  produced  is 
graphic  granite,  and  it  has  been  the  practice  at  some  quarries  to 
discard  the  finer-grained  varieties  on  the  supposition  that  they  con- 
tained a  larger  percentage  of  quartz  than  the  coarser  kinds.  Such' 
mining  practice  is  unwarranted,  the  fine  graphic  granite  being  as 
desirable  as  the  coarse,  though  both  should  be  mixed  with  a  certain 
amount  of  pure  feldspar  in  order  to  reduce  the  percentage  of  quartz 
in  the  ground  product  to  between  15  and  20  per  cent  for  the  standard 
grade,  as  shown  by  analyses  3  and  4  of  the  table  above. 

As  in  most  pegmatite  bodies  there  is  very  little  regularity  in  the 
distribution  of  the  different  minerals  (see  p.  22),  a  deposit  that  is  of 
excellent  quality  conmiercially  as  regards  feldspar  may  grade  within 
a  short  distance  and  in  a  wholly  irregular  manner  into  pegmatite  that 
is  worthless  because  of  its  large  percentage  of  quartz  or  its  abundance 
of  biotite,  black  tourmaline,  or  garnet. 

MINING. 

The  methods  of  mining  feldspar  are  very  simple.  The  excavations 
are  nearly  all  open  pits,  most  of  them  of  rather  irregular  form,  the 
valueless  portions  of  the  pegmatite  being  avoided  wherever  it  is  possi- 
ble in  mining.  In  a  few  Pennsylvania  quarries  where  the  pegmatite 
masses  are  rather  flat  lying  and  are  overlain  by  a  roof  of  worthless 
rock  short  tunnels  have  been  driven  from  the  open  pits. 

In  Maine,  Connecticut,  and  New  York  the  pegmatite  is  usually 
firm  and  undecomposed,  even  in  the  surface  outcrops,  and  it  is  neces- 
sary to  sink  drill  holes  and  blast  out  most  of  the  material.  In  Penn- 
sylvania and  Maryland,  however,  most  of  the  pegmatite  is  much 
decayed  at  the  surface  and  can  be  excavated  with  picks,  shovels,  and 
crowbars.  In  a  few  of  these  quarries  kaolin  produced  by  the  decay 
of  the  feldspar  has  been  found  in  the  past  in  sufficient  quantities  to  be 
of  commercial  importance,  though  none  is  now  produced.  This  differ- 
ence in  the  character  of  the  pegmatite  deposits  in  the  two  regions  is  due 
to  the  fact  that  the  Pennsylvania-Maryland  region  is  unglaciatod, 
whereas  in  the  more  northerly  region  glacial  ice  has  planed  off  most 
of  the  products  of  rock  decay. 
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In  some  of  the  smaUer  quarries,  where  the  rock  is  firm,  drilling  is 
done  by  hand,  but  in  most  of  the  larger  quarries  steam  drills  are  used. 
The  larg:e  masses  are  then  broken  with  sledges  into  pieces  6  inches  or 
less  in  size.  If  the  material  is  to  be  used  as  poultry  grit  or  for  the 
manufacture  of  roofing  materials  no  sorting  is  necessary,  but  mate- 
rial used  for  making  pottery  is  hand-picked  at  the  quarry  to  remove 
the  more  micaceous  and  quartzose  parts  and  the  portions  carrying 
iron-bearing  minerals.  In  most  of  the  Pennsylvania  and  Maryland 
quarries  where  the  weathered  materials  near  the  surface  ican  be 
excavated  with  pick  and  shovel,  screening  or  even  washing  may  be 
necessary  to  free  the  spar  from  dirt.  In  some  of  the  larger  and  deeper 
quarries  derricks  and  drags  are  used  in  hoisting  the  spar  to  the  surface, 
the  material  being  then  loaded  into  wagons  and  hauled  either  to  the 
railroad  for  shipment  or  to  the  mills  for  grinding.  In  some  quarries 
the  wagons  descend  into  the  pit  along  an  inclined  roadway.  At  two 
important  quarries  wire  tramways  connect  quarry  with  mill. 

The  cost  of  actual  mining  at  most  of  the  quarries  producing  feld- 
spar of  pottery  grade  is  reported  at  from  $2  to  $2.50  per  long  ton. 
At  certain  quarries  where  pegmatite  is  quarried  for  ready  roofing, 
poultry  grit,  etc.,  where  cobbling  and  hand  sorting  are  unnecessary, 
and  where  the  work  is  conducted  on  a  large  scale,  the  cost  may  be  as 
low  as  50  cents  per  ton.  Hauling  by  team  from  mine  to  mill  or 
shipping  point  in  most  of  the  feldspar  districts  may,  under  ordinary 
conditions,  be  estimated  at  a  contract  price  of  35  to  40  cents  per  long 
ton  per  mile. 

COMMERCIAL   AVAILABILITY   OF  DEPOSITS. 

Whether  it  will  pay  to  work  a  given  feldspar  deposit  depends  upon  a 
number  of  factors,  chief  among  which  are  (1)  the  distance  from  the 
railroad  or  navigable  water,  (2)  the  freight  rates  to  principal  markets, 
(3)  the  quantity  and  quality  of  the  material  available,  (4)  the  cheap- 
ness with  which  the  feldspar  can  be  mined,  and  (5)  the  market  condi- 
tions. Favorable  conditions  with  respect  to  some  of  these  factors 
may  offset  unfavorable  conditions  with  respect  to  others.  The 
principal  markets  for  the  better  grades  of  feldspar  are  the  great  pottery 
centers — Trenton,  N.  J.,  and  East  Liverpool,  Ohio — so  that  the  mines 
of  Connecticut,  Pennsylvania,  and  Maryland  have  the  advantage  over 
those  in  Maine  and  northern  New  York  of  being  much  closer  to  these 
markets.  This  superiority  in  position  makes  wagon  hauls  of  6  or  8 
miles  from  mine  to  shipping  point  permissible  in  the  Middle  Atlantic 
States,  whereas  in  Maine  or  in  the  Adirondack  region  only  a  much 
shorter  haul  allows  a  fair  degree  of  profit.  Pegmatite  sold  for 
roofing  or  poultry  grit  commands  prices  so  small  that  hauls  of  more 
than  1  or  2  miles  from  mine  to  shipping  point  would  in  most  places  be 
prohibitive.     The  freight  rates  on  feldspar  from  a  number  of  the 
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quarrying  districts  to  Trenton,  the  principal  feldspar  milling  center, 
are  given  below: 

Freight  ratea  per  hundredweight  on  feldspar  for  carloads  having  a  minimum  weight  of  40,000 

pounds f  May,  1909, 

Bath,  Me.,  to  Trenton,  N.  J $0. 15  ♦ 

Cathance,  Me.,  to  Trenton,  N.J 17 

Auburn,  Me.,  to  Trenton,  N.J 16 

The  requirements  of  the  potter^s  trade  demand  that  in  general  the 
percentage  of  free  quartz  associated  with  the  feldspar  used  shall  not 
exceed  20  per  cent  in  the  ground  product,  and  certain  potters  demand 
a  spar  which  is  nearly  pure,  containing  probably  less  than  5  per  cent 
of  free  quartz.  In  order  to  be  profitably  worked,  in  most  feldspar 
mines  between  one-fourth  and  one-half  of  the  total  material  excavated 
should  contain  less  than  20  per  cent  of  free  quartz.  Freshness  of  the 
feldspar  is  not  essential. 

A  factor  of  the  utmost  importance  in  the  mining  of  pottery  spar  ia, 
the  quantity  of  iron-bearing  minerals  (black  mica,  hornblende,  gar- 
net, or  black  tourmaline)  which  is  present  and  the  manner  in  which 
these  minerals  are  associated  with  the  feldspar.  The  requirements  of 
the  pottery  trade  demand  that  the  spar  be  nearly  free  from  these 
minerals,  which  if  present  produce,  upon  firing,  brown  discolorations  in 
white  wares.  In  order  that  a  deposit  may  be  profitably  worked, 
these  minerals,  if  present  in  any  appreciable  quantity,  must  be  so 
segregated  in  certain  portions  of  the  deposit  that  they  can  be  sepa- 
rated from  the  spar  without  much  more  hand  sorting  and  cobbing 
than  is  necessary  in  the  separation  of  the  highly  feldspathic  material 
from  that  which  is  highly  quartzose  or  rich  in  muscovite.  A  number 
of  pegmatite  deposits  of  coarse  grain  are  rendered  worthless  for  pot- 
tery purposes  by  the  abundance  of  one  or  more  of  these  iron-bearing 
minerals.  The  presence  here  and  there  of  minute  flakes  of  white 
mica  (muscovite)  is  characteristic  even  of  the  highest  grades  of  com- 
mercial feldspar,  and  chemically  this  mineral  is  not  injurious.  It  is, 
however,  exceedingly  difficult  to  pulverize  the  thin,  flexible  mica 
plates  to  a  fineness  equal  to  that  attained  by  the  feldspar,  and  it  is 
therefore  necessary  in  mining  to  separate  carefully  as  much  of  the 
muscovite  as  possible  from  the  spar. 

Operation  on  a  large  scale  with  the  aid  of  modern  machinery 
reduces  the  mining  cost.  Favorable  topographic  position — a  situa- 
tion, for  instance,  that  will  permit  the  material  to  be  excavated 
from  a  hillside  opening  instead  of  being  hoisted  from  a  pit — also 
reduces  the  cost. 

MILLING. 

The  methods  used  for  grinding  feldspar  for  pottery,  enamel  ware, 
etc.,  are  similar  in  a  general  way  in  all  of  the  Eastern  States  and 
are  very  simple.     The  soda  spar  quarjied  in  southeastern  Pennsyl- 
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vania  is  first  burned  in  kilns,  which  serves  to  fracture  it  and  thus  to 
facilitate  grinding.  Most  feldspar,  however,  is  fed  just  as  it  comes 
from  the  quarry  into  a  chaser  mill  consisting  of  two  buhrstone  wheels, 
3  to  5  feet  in  diameter  and  1  to  li  feet  thick,  attached  to  each  other 
by  a  horizontal  axle,  as  are  the  wheels  of  a  cart.  The  horizontal 
axle  is  attached  at  its  center  to  a  rotating  vertical  shaft,  which 
causes  the  buhrstone  wheels  to  travel  over  a  buhrstone  bed,  the 
feldspar  being  crushed  between  the  wheels  and  the  bed.  In  a  few 
mills  the  spar  before  going  to  the  chaser  mills  is  crushed  in  a  jaw 
crusher. 

The  material  as  it  comes  from  the  chasers  is  screened,  the  taiUngs 
being  returned  to  the  chaser  mills  for  recrushing,  while  the  fines  go 
to  tube  mills  for  final  grinding.  The  tube  mills  consist  of  steel 
cylinders  revolving  on  a  horizontal  axis.  The  cylinders  are  gener- 
ally lined  either  with  hard-wood  blocks  or  with  blocks  made  of 
natural  or  artificial  siliceous  brick  and  are  charged  with  Norway  or 
French  flint  pebbles  2  to  3  inches  across.  The  type  of  tube  mill 
used  by  most  feldspar  grinders  is  6  to  7  feet  long  and  grinds  from  2 
to  3  tons  of  spar  at  one  charging.  Certain  millers,  however,  claim 
to  effect  a  considerable  saving  in  power  by  the  use  of  larger  mills, 
which  grind  from  4  to  6  tons  at  one  charge. 

Feldspar  for  pottery  purposes  is  usually  ground  four  to  six  hours, 
and  in  that  time  most  of  it  is  reduced  to  a  fineness  of  less  than  200 
mesh.  Screen  tests  made  by  the  writer  on  four  samples  of  com- 
mercial ground  pottery  spar  collected  personally  from  the  bins  at 
three  feldspar  mills  showed  that  from  99.3  to  99.8  per  cent  of  the 
material  would  pass  through  a  100-mesh  screen  and  from  96.7  to 
98.2  per  cent  would  pass  through  a  200-mesh  screen.  A  sample  of 
No.  3  spar,  used  only  in  making  glass  and  enamel  ware,  was  notably 
coarser,  94  per  cent  passing  throqgh  a  100-mesh  screen,  and  74  per 
cent  through  a  200-mesh  screen.  This  grade  is  ground  only  for 
two  to  three  hours.  Some  feldspar  prepared  for  use  in  abrasive 
soaps  is  ground  for  ten  hours. 

After  grinding,  the  spar  is  ready  for  shipment  either  in  bulk  or  in 
bags.  The  red  spars  from  Bedford,  N.  Y.,  and  Bedford,  Ontario, 
have  a  faint  pinkish  tint  when  ground,  but  the  cream-colored  and 
\vhite  spars  grind  to  a  pure  white.  In  a  few  mills  the  ground  spar 
is  allowed  to  settle  slowly  in  water,  so  as  to  separate  the  finer  from 
the  coarser  material,  but  this  method  is  now  rarely  used. 

In  mills  for  grinding  feldspar  for  poultry  grit  and  roofing  purposes 
the  spar  is  first  crushed  in  jaw  or  rotary  crushers  and  then  between 
steel  rolls.  It  is  then  screened  over  vibrating  screens,  usually  of  the 
Newago  or  Jeffrey  type,  to  the  various  sizes  desired. 
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USES. 

The  principal  consumers  of  feldspar  are  the  pottery,  enamel-ware, 
enamel-brick,  and  electrical-ware  manufacturers,  its  most  important 
use  being  as  a  constituent  part  of  both  body  and  glaze  in  true  porce- 
lain, white  ware,  and  vitrified  sanitary  ware,  and  as  a  constituent 
of  the  slip  (underglaze)  and  glaze  in  so-called  *' porcelain"  sanitary 
wares  and  enameled  brick.  The  proportion  of  feldspar  in  the  body 
of  vitrified  wares  usually  falls  between  10  and  35  per  cent.  Its 
melting  point  being  lower  than  that  of  the  other  constituents,  it 
serves  as  a  flux  to  bind  the  particles  of  clay  and  quartz  together. 
In  glazes  the  percentage  of  feldspar  usually  lies  between  30  and  50. 
The  trade  demands  that  feldspar  for  pottery  purposes  be  nearly 
free  from  iron-bearing  minerals  (biotite,  garnet,  hornblende,  tourma- 
line, etc.),  and  that  it  contain  little  if  any  muscovite.  The  require- 
ments in  regard  to  the  percentage  of  free  quartz  vary  with  different 
potters.  A  few  manufacturers  of  the  finer  grades  of  pottery  demand 
less  than  5  per  cent  of  free  quartz  and  may  even  grind  the  spar 
themselves  so  as  to  be  sure  of  its  quality,  preferring  to  insure  a  con- 
stant product  even  at  higher  cost  by  themselves  mixing  the  requisite 
quantity  of  quartz  with  the  spar.  Most  potters  get  satisfactory 
results  with  standard  ground  spar  carrying  15  to  20  per  cent  of 
free  quartz,  and  in  some  acceptable  spars  the  percentage  runs  even 
higher.  In  the  finely  ground  mixture  as  it  comes  from  the  mills  it 
is  difficult  to  separate  the  quartz  from  the  feldspar  by  physical 
methods  on  account  of  the  extreme  fineness  of  the  material.  Chem- 
ical analysis  seems  to  be  the  readiest  means  of  determining  whether 
its  percentage  is  high  or  low. 

Feldspar  is  also  used  in  the  manufacture  of  emery  and  carbo- 
rundum wheels  as  a  flux  to  bind  the  abrading  particles  together. 

Small  quantities  of  feldspar  are  used  in  the  manufacture  of  opales- 
cent glass.  The  feldspar  used  for  this  purpose  is  ranked  as  No.  3 
by  the  miners.  This  generally  contains  more  free  quartz  and  mus- 
covite than  that  used  for  pottery  purposes,  and  most  of  it  contains 
also  fragments  of  iron-bearing  minerals.  Most  of  the  spars  known 
to  the  writer  which  are  used  for  opalescent  glass  are  rich  in  soda. 
They  are  not  ground  so  fine  as  the  pottery  spars  (p.  128). 

Small  quantities  of  carefully  selected  pure  feldspar  are  used  in  the 
manufacture  of  artificial  teeth.  Some  is  used  in  the  manufacture  of 
scouring  soaps  and  window  washes,  the  fact  that  feldspar  is  slightly 
softer  than  glass  rendering  these  soaps  less  liable  than  soaps  which 
contain  quartz  to  scratch  windows  or  glassware.  Two  firms  in  New 
York  State  and  one  in  Connecticut  crush  feldspar  for  poultry  grit 
and  for  the  manufacture  of  ready  roofing. 

e3096*»-Bull.  446—11 9 
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Much  interest  has  recently  been  aroused  in  the  use  of  potash  feld- 
spar as  a  fertilizer.  Potash  is  an  important  plant  food,  which,  in 
fertilizers,  has  usually  been  supplied  in  the  form  of  wood  ashes  or 
imported  from  Germany  in  easily  soluble  potash  salts  (sulphate, 
carbonate,  or  chloride).  The  Department  of  Agriculture  has  recently 
made  preliminary  experiments  to  determine  the  availability  of  finely 
ground  potash  feldspar  as  a  substitute  for  the  more  soluble  potash 
salts.  The  following  statement  is  quoted  from  the  report  on  these 
tests:* 

The  evidence  so  far  obtained  appears  to  indicate  that  under  certain  conditions  and 
with  certain  crops  feldspar  can  be  made  useful  if  it  is  ground  suflficiently  fine.  On 
the  other  hand,  it  is  highly  probable  that  under  other  conditions  the  addition  of 
ground  feldspar  to  the  land  would  be  a  useless  waste  of  money.  At  the  present  stage 
of  the  investigation  it  would  be  extremely  unwise  for  anyone  to  attempt  to  use  ground 
rock,  except  on  an  experimental  scale  that  would  not  entail  great  financial  loss. 

If  further  experiment  shows  that  ground  feldspar  has  a  wide 
efficiency  as  a  fertilizer,  it  will  undoubtedly  lead  to  the  utilization 
of  many  of  the  pegmatite  deposits  which,  because  of  insufficient 
coarseness,  too  large  a  percentage  of  quartz,  or  too  great  an  abun- 
dance of  iron-bearing  minerals,  are  not  valuable  as  a  source  of  pottery 
material.  Deposits  of  this  kind,  favorably  situated  with  respect  to 
the  railroads,  are  niunerous,  especially  in  the  vicinity  of  the  active 
feldspar  quarries.  An  equally  important  result  will  be  the  utiliza- 
tion of  much  material  that  is  now  discarded  at  feldspar  quarries. 

A  number  of  processes  have  been  patented  in  this  country  for  the 
dissociation  of  potash  feldspar  to  obtain  the  more  readily  soluble 
potash  salts,  but  none  of  these  have  yet  been  successfully  applied  on 
a  commercial  scale.  What  is,  perhaps,  the  most  promising  method 
effects  the  decomposition  through  electrolytic  methods.* 

GRADES   AND    PRICES. 

Most  dealers  recognize  three  grades  of  commercial  feldspar — No.  1, 
No.  2  (sometimes  called  standard),  and  No.  3.  From  quarries  in 
granite  pegmatite,  where  most  of  the  spar  is  of  the  potash  variety, 
these  are  usually  graded  as  follows:  No.  1  is  carefully  selected,  free 
from  iron-bearing  minerals,  largely  free  from  muscovite,  and  con- 
tains little  or  no  quartz,  usually  less  than  5  per  cent.  Analysis  6  of 
the  table,  on  page  123,  shows  the  character  of  material  of  this  grade, 
the  feldspar  analyzed  having  been  imported  from  Canada.     No.  2  is 

aCushinan,  Allerton  S.,  The  use  of  fi'klsputhic  nx'ks  tus  fertilizers:  IJuIl.  Bureau  Plant  Ind.  No.  104 
U.  S.  Dept.  Agr.,  1907,  p.  31. 

b  Cushman,  A.  S.,  Extructing  potash  from  feldspar:  Min.  World,  June  22, 19U7;  also  United  States  patent, 
No.  772612,  October  18, 1904. 
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largely  free  from  iron-bearing  minerals  and  muscovite,  but  usually 
contains  when  ground  from  15  to  20  per  cent  of  quartz.  No.  3  is  not 
carefully  selected  and  contains  a  little  higher  percentages  of  quartz, 
muscovite,  and  iron-bearing  minerals.  Spar  from  the  soda  pegmatites 
of  southeastern  Pennsylvania  and  adjacent  parts  of  Maryland,  being 
wholly  free  from  quartz,  is  graded  entirely  on  the  basis  of  its  freedom 
from  iron-bearing  minerals,  principally  hornblende.  No.  1  is  care- 
fully selected  and  is  practically  free  from  such  impurities.  No.  2, 
though  less  carefully  selected,  is  still  fairly  free  from  them.  No.  3  is 
not  carefully  selected  and  carrier  hornblende  in  quantities  large 
enough  to  render  it  unfit  for  use  in  the  manufacture  of  pottery.  It 
is  utilized  principally  in  making  glass.  Crushed  pegmatite  from 
New  York  State,  used  for  poultry  grit  and  for  coverings  for  surfaces 
to  give  them  the  appearance  of  granite,  and  feldspar  from  Minne- 
sota, used  mainly  for  abrasive  piu-poses,  are  graded  according  to 
coarseness. 

The  prices  of  feldspar  fluctuate  with  general  market  conditions 
and  local  conditions  of  competition,  but  in  general  are  about  as 
follows: 

Prices  o/feldgparf.  o.  h.  mills. 


Crude,  per 
long  ton. 


Maine:  No.  2  or  standard $2, 50-$3. 00 

Northern  New  York:  Crushed  pegmatite  for  ready  roofing,  poultry  ^rit,  etc 

Soatbem  New  York:  i 

No.  1 !  4.2+-  4.50 

No.  2,  or  standard ,3.50-4.00 

Connecticut:  No.  2,  or  standard I  3. 50-  4. 00 

PennsylTsnia:  No.  2,  or  standard  (potash  feldspar) '  3. 75-  4. 50 

Maryland:  No.  2,  or  standard  (potash  feldspar) !  3. 50-  4. 00 

Trenton,  N.J. :  *  1 

No.  1 ,  Canadian '  5. 50 

No.  2,  or  standard i  5. 00-  5. 25 


Ground, 

per  short 

ton. 


S3. 00-S3. 50 

8.50-  g.oo 
0.00-  0.50 
5. 50-  0.  50 
7. 50-  9. 00 


10.50 
9.0O-  9.50 


Crude  No.  1  feldspar  usually  brings  from  50  cents  to  $1.50  a  ton 
more  than  No.  2,  and  crude  No.  3  brings  about  the  same  amount 
less.  Ground  No.  1  brings  from  $2  to  $4  a  ton  more  than  No.  2. 
With  finer  grinding,  such  as  is  demanded  by  some  scouring-soap 
maniifacturers,  the  prices  are  proportionally  higher.  Very  pure 
carefully  selected  potash  feldspar,  for  use  in  the  manufacture  of 
artificial  teeth,  usually  sells  at  from  S6  to  $8  a  barrel  of  350  pounds. 
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PRODUCTION. 

The  tables  below  show  the  recent  production  of  feldspar  in  the 
United  States. 

Produclion  of  feldspar  (exclusive  of  abrasive  feldspar)  in  1907  and  1908,  by  States, 

in  short  tons. 


state. 


Maine 

New  York 

Connecticut.. 
Pennsylvania. 

Maryland 

Other  States.. 


1907. 


1908. 

Maine 

New  York 

Connecticut 

Pennsylvania 

Maryland 

Virginia  and  Minnesota. 


Crude. 

Ground. 

Total. 

Quantity. 

•  Value. 

Quantity. 

Value. 

Quantity. 

Value. 

45 

1110 

16,428 

$157,224 

16.473 

1157.334 

3.909 

15,825 

11.500 

40.500 

15.409 

56,325 

10.663 

28,433 

8.380 

51.770 

19.043 

80,203 

7.367 

28,160 

12.266 

108.678 

19.633 

136.847 

7. 169 

23,672 

3,895 

34.061 

11.064 

57,753 

1,927 
31.080 

5,607 

1,000 

5.000 

2,927 

10.607 

101,816 

53.409 

397.  ^'U 

84.549 

499.069 

168 

375 

13,751 

123.034 

13.910 

123,409 

504 

1,350 

14.109 

51.798 

14,613 

53.148 

7.775 

27,753 

6,425 

38.506 

14,200 

66,259 

3.616 

13,226 

10.473 

90.276 

14.089 

103.502 

1           6.217 

21.076 

3.517 

30,774 

9,734 

51.850 

'               560 

2.000 

125 

750 

685 

2,750 

18,S40 

65.780 

48,400 

335,138 

67,240 

400.918 

Tolal  production  of  feldspar  in  1907  and  1908,  in  short  tons. 


Crude. 

Quantity. 
18.840 

Value. 

Pro<liJction  of  feldspar  (exclusive  of 
abrasive)  in  1908 

Production  of  abrasive  feldspar  in 
1908 

165,780 



Total  production  of  feldspar  in 

1908 

Total  proiliK'liou  of  feldspar  in  1907  . 

18.840 
31,080 

6.1.780 
101.816 

(•round. 


Total. 


Quantity. 


Value.      Quantity 


Value. 


48.400     1335,138 


67.240       $400,918 


3.234 


51.631 
60.719 


27,  r):J5 


.362.773 
457, 128 


I 


3.234 


70. 474 
91.79*) 


27.635 


428,553 
558.944 


The  ])ro(luction  of  feldspar  (exclusive  of  abrasive  feldspar)  from 
1903  to  1908  is  given  in  the  following  table: 

Production  of  feldspar  {erchisive  of  abrasive  feldspar),  190.i-190S,  in  short  tons. 


Year. 

Crude. 

• 

Ground. 

Total. 

(Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

1903 

1904 

1905 

1906 

1907 

1908 

13.432 
19.413 
14.517 
39. 976 
31.080 
18.840 

Sol. 036 

66.714 

57.976 

132,643 

101,816 

(i5.780 

28. 459 
25.775 
20.902 
32.  iW 
5:^.469 
48.400 

$20.5.697 
199.612 
168. 181 
26.S.888 
397.253 
335. 1.38 

41.891 
45. 18S 
.V>.419 
72.  (k)<'. 
84.. 549 
67.240 

?2.>6. 733 
•JiA'K  326 
22r..  157 
401.531 
4W.0(i9 
4(M).  918 
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QXTABTZ. 
OENERAL   STATEMENT. 

Quartz,  the  most  abundant  of  all  minerals,  occurs  in  nature  in  a 
great  variety  of  forms  and  is  utilized  commercially  in  many  different 
ways.  Sand  consisting  mainly  of  quartz  is  used  for  building,  mold- 
ing, and  in  glass  and  pottery  manufacture.  Tripoli,  used  for  abra- 
sive purposes,  and  sandstone  and  quartzite,  used  for  building  and 
other  purposes,  are  also  composed  largely  of  quartz.  The  present 
discussion,  however,  deals  only  with  the  massive  crystalline  and 
gem  varieties  which  occur  in  the  pegmatite  deposits. 

Chemically  pure  quartz  is  an  oxide  of  silicon  of  the  formula  SiO^. 
It  is  too  hard  to  be  scratched  with  a  knife  and  will  itself  scratch 
glass.  It  is  generally  translucent  to  transparent  and  ranges  from 
colorless  to  dark  gray,  and  in  the  gem  varieties  from  amethyst  to 
pale  pink.  It  is  brittle  and  without  well-defined  cleavage,  fracturing 
irregularly  with  lustrous  glassy  surfaces.  Most  of  the  quartz  of  the 
pegmatites  occurs  in  large  pure  masses  without  crystal  outline. 
Quartz  with  crystal  form  is  developed  principally  in  the  pockets. 
The  form  of  most  of  the  crystals  is  that  of  a  six-sided  prism  ter- 
minated by  an  equal  number  of  faces  forming  a  pyramid.  The 
mineral  is  diflScultly  fusible  and  is  unaffected  by  acids  under  ordi- 
nary conditions. 

MASSIVE   CRYSTALLINE  QUARTZ. 

Occurrence. — ^Massive  crystalline  quartz  is  usually  white,  but  some 
is  rose-colored  or  smoky.  •  It  occurs  in  veins  or  dikeUke  masses, 
unmixed  with  other  minerals,  or  as  a  constituent  of  pegmatite.  In 
the  latter  form  it  is  usually  produced  as  an  accessory  in  the  mining 
of  feldspar.  The  States  producing  massive  crystalline  (vein)  quartz 
in  commercial  quantity  in  1908  were  Connecticut,  Maryland,  New 
York,  Pennsylvania,  Wisconsin,  Tennessee,  Montana,  Colorado, 
and  Arizona.  Small  quantities  were  formerly  marketed  from  Maine, 
but  these  quarries  are  so  far  from  the  principal  markets  thet  there 
is  very  little  profit  in  handling  the  material.  Quartz  of  excellent 
grade  occurs  in  considerable  quantities  at  nearly  all  of  thefeldsj^itl*' 
quarries  of  Maine  and  in  a  few  is  saved,  though  not  shipped  regularly. 
It  is  allowed  to  accumulate  in  stock  piles  until  a  favorable  sale  can 
be  made. 

The  Connecticut  locaHties  at  which  quartz  is  mined  were  described 
in  detail  in  the  writer's  report  on  the  production  of  quartz  and 
feldspar  in  1907."  The  quarries  of  Westchester  County,  X.  Y.,  have 
also  been  previously  described  by  the  writer.'' 

Milling, — ^In  the  grinding  of  the  massive  forms  of  quartz  two  general 
processes  are  used,  the  wet  and  the  dry. 

•  Klnenil  Resources  U.  8.  tor  1907,  pt.  2,  U .  S.  Oeol.  Survey,  19(w,  pp.  84(;-S47. 
b  BiiU.  U.  S.  Oeol.  Survey  No.  316, 1907,  pp.  294-^00. 
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In  the  wet  process  the  quartz  may  be  crushed  just  as  it  comes  from 
the  quarry,  or  it  may  first  be  highly  heated  in  kihis  and  then  fractured 
by  turning  upon  it  a  stream  of  cold  water.  The  first  crushing  is 
effected  by  jaw  crushers,  or  if  the  quartz  has  previously  been  burned 
it  may  be  crushed  in  chaser  mills.  In  a  few  mills  the  chasers  revolve 
in  wet  pans  and  are  periodically  stopped  to  allow  the  crushed  quartz 
to  be  shoveled  out.  After  crushing,  it  is  ground  in  ''wet  pans"  pro- 
vided with  a  pavement  of  flat-faced  quartz  or  quartzite  blocks  over 
which  move  several  large  blocks  of  similar  material,  the  crushed 
quartz  being  pulverized  between  these  blocks  and  the  pavement. 
The  grinding  in  wet  pans  usually  occupies  about  twenty-four  hours, 
the  load  ground  in  a  single  pan  varying  from  1,200  to  1,800  pounds. 
From  the  wet  pans  the  pastelike  mass  of  quartz  and  water  is  drawn 
into  settling  troughs,  the  first  settlings  bemg  in  some  cases  returned  to 
the  pans  for  finer  grinding.  From  the  settling  troughs  it  is  shoveled 
out  upon  drying  floors  heated  by  steam  or  hot  air,  or  else  it  is  dried 
in  small  pans  which  are  placed  tier  on  tier  on  heated  racks  constructed 
of  steam  pipes.  Finally  the  dried  material  is  bolted  to  various  degrees 
of  fineness  and  packed  in  bags  for  shipment,  or  it  may  be  shipped 
in  bulk. 

In  the  dry  method  of  treatment  the  quartz  is  usually  crushed  first 
in  a  jaw  crusher  and  then  between  crushing  roUs.  Quartz  to  be  used 
for  filters  and  for  abrasive  purposes  is  then  screened  to  various  degrees 
of  fineness  and  is  packed  in  bags  for  shipment.  In  the  manufacture 
of  the  finer  grades  for  use  in  pottery,  wood  fillers,  scouring  soaps,  etc., 
the  material  after  leaving  the  roll  crushers  is  ground  in  tube  mills, 
either  of  the  continuous  or  of  the  intermittent  type.  It  is  then 
graded  to  various  sizes  either  by  bolting  or  by  a  pneumatic  process 
whereby  the  quartz  powder  is  carried  by  a  strong  air  current  through 
a  series  of  tubes  and  receptacles,  the  distance  to  which  the  quartz 
is  carried  being  dependent  upon  its  fineness.  There  are  no  quartz 
mills  in  Maine.     Those  nearest  to  that  State  are  in  Connecticut. 

Uses, — Quartz  is  used  for  a  great  variety  of  purposes,  the  principal 
uses  being  in  the  manufacture  of  wood  filler,  pottery,  paints,  and 
scouring  soaps.  In  pottery  the  quartz  serves  to  diminish  shrinkage 
in  the  body  of  the  ware;  it  is  used  also  in  many  glazes.  Quartz  for 
these  purposes  should  contain  in  general  less  than  one-half  of  1  per 
cent  of  iron  oxide.  Finely  ground  quartz  is  used  in  paints  in  various 
proportions  up  to  one-third  of  the  total  pigment  used.  Its  chemical 
inertness  prevents  it  from  combining  with  other  constituents  of  the 
paint  and  increases  the  resistance  of  the  paint  to  the  weather.  Crys- 
talline quartz  is  superior  to  silica  sand  for  this  purpose  because  the 
ground  particles  are  highly  angular  and  tend  to  attach  themselves 
more  firmly  to  the  painted  surfaces,  thus  giving  the  paint  what  is 
known  as  a  ''tooth"  and  after  some  wear  affording  a  good  surface 
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for  repainting.  This  angularity  of  the  grains  also  renders  the  ground 
crystalline  quartz  superior  to  silica  sand  in  the  manufacture  of  wood 
fillers.  In  scouring  soaps  and  polishers  ground  crystalline  quartz  is 
preferred  to  silica  sand,  not  only  because  of  its  greater  angularity, 
but  because  of  its  superior  whiteness. 

Massive  quartz,  crushed  and  graded  to  various  degrees  of  fineness, 
is  extensively  used  in  sandpaper,  sand  belts,  scouring  agents,  sand 
blasts,  etc.  The  qualities  which  render  it  particularly  serviceable  for 
these  purposes  are  its  hardness  (No.  7  in  the  Mohs  scale),  which  is 
slightly  greater  than  that  of  steel,  and  its  conchoidal  fracture,  the 
absence  of  definite  cleavage  planes  causing  it  to  crush  to  fragments 
with  sharp  angular  edges  and  comers.  For  such  abrasive  purposes 
massive  quartz  is  far  superior  to  sand  or  crushed  sandstone,  since 
the  grains  of  the  latter  are  Ukely  to  be  more  or  less  rounded.  Blocks 
of  massive  quartz  and  quartzite  are  used  in  the  chemical  industry  as 
a  filler  for  acid  towers  and  to  some  extent  as  a  flux  in  copper  smelting. 
Much  ground  quartz  is  used  in  filters,  and  some  of  the  most  finely 
pulverized  grades  are  used  in  tooth  powders  and  in  place  of  pumice 
as  a  cleaner  by  dentists. 

Within  recent  years  crystalline  quartz  and  also  sand  has  been  used 
to  some  extent  in  the  manufacture  of  silicon  and  of  alloys  of  sihcon 
with  iron  (ferrosilicon),  copper  (silicon  copper),  and  other  metals. 
Ferrosilicon  is  largely  produced  in  the  electric  furnace  by  using  coke 
to  reduce  the  quartz  to  the  metallic  state,  and  some  iron  ore  or  scrap 
iron  to  alloy  with  the  sihcon.  The  percentage  of  sihcon  in  these 
alloys  varies  from  about  10  to  80  per  cent,  according  to  the  uses  of 
the  product.  Ferrosihcon  has  been  employed  in  the  manufacture  of 
steel  as  a  deoxidizer  and  to  prevent  the  formation  of  blowholes  in 
steel  ingots.  Silicon  is  also  produced  in  the  electric  furnace.**  It  is 
a  brittle  crystalline  body  with  a  dark  sUver  luster.  Its  specific  gravity 
is  about  2.4  and  its  melting  point  1,430°  C.  The  commercial  product 
contains  small  percentages  of  iron,  carbon,  and  aluminum.  The 
great  affinity  of  sihcon  for  oxygen  renders  it  useful  for  the  reduction 
of  metals  such  as  chromium  and  tungsten  in  the  electric  furnace.  It 
can  readily  be  cast  into  rods,  and  because  of  its  high  electrical  resist- 
ance, which  is  about  five  times  that  of  carbon,  it  is  used  in  the  manu- 
facture of  rheostats  and  electrical  heaters.  Its  resistance  to  nearly 
aU  acids,  combined  with  the  fact  that  it  can  be  cast  into  molds,  makes 
it  possible  also  to  use  it  in  the  manufacture  of  chemical  ware.  Sihcon 
copper  is  used  as  a  deoxidizer  in  making  castings  of  copper  and  copper 
aUoys. 

Quartz  may  be  fused  in  the  electric  furnace  and  molded  into  tubes, 
crucibles,  dishes,  and  other  articles  which  can  be  used  for  certain 

•  Teme,  F.  J.,  Production  of  silicon  In  the  electric  furnace:  Trans.  Am.  KlecUo-Chem.  Soc.,  vol.  7, 1905, 
P.M. 
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purposes  in  the  chemical  laboratory  instead  of  porcelain  and  platinum 
wares.  The  fused  quartz  expands  only  very  slightly  when  heated, 
its  coefficient  of  expansion  being  about  one-twentieth  of  that  of  glass, 
and  in  consequence  may  be  plunged  suddenly,  red  hot,  into  cold  water 
without  being  cracked.  These  wares  soften  only  above  1,400°  G, 
(2,552°  F.).  The  principal  drawback  to  their  use,  especially  in 
quantitative  chemical  work,  is  that  the  somewhat  rough  surface  makes 
it  difficult  to  wash  all  the  material  from  the  dishes. 

Production, — Statistics  showing  the  production  of  quartz  in  the 
United  States  are  given  below. 

Production  of  quartz  (exclusive  of  abrasive  qwartz)  in  the  United  States  in  1908 ^  by  States, 

in  short  tons. 


State. 

Grade. 

Oroiind. 

Total. 

Quantity. 

Value. 

Quantity. 

Value, 

Quantity. 

Value. 

1906. 
Connecticat  and  New  York 

080 

25 

22,500 

1,750 

99 

30,594 

9,227 
4,160 
1,933 

56,700 
31.670 
17,833 

10,207 

4.185 

24,433 

58,450 

Pennsylvania  and  Maryland 

nthw8tfttP«o 

31,7€9 
48,427 

23,505 

32,443 

15.320 

106,203 

38,825 

138,646 

a  Includes  Arijsona,  Colorado,  Montana,  Tennessee,  and  Wisoonsin. 

Abrasive  quartz  was  produced  in  1908  in  Connecticut,  Maryland, 
Massachusetts,  New  York,  Pennsylvania,  and  Wisconsin.  The  total, 
together  with  the  total  production  of  all  quartz,  is  shown  in  the 
following  table : 


Total  production  of  quartz  in  1908,  in  short  tons. 

Crude. 

Ground. 

TotaL 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

Quartz  (exclusive  of  abrasive  quartz) 
Abrasive  quartz 

23.505 
2.973 

S32.443 

4,876 

15.320 
5.518 

$106.20? 
46. 035 

38.825 
8,491 

1138,646 
51,511 

26,478 

37.319 

20,838 

152,838 

47.316 

190,157 

Production  of  quartz  (excluMve  of  abrasive  quartz)  in  the  United  Stales,  1903-1908^  in 

short  tons. 


Year. 

Crude. 

Ground. 

Total. 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

1903 

40.046 
41,490 
39.555 
41.314 
5,618 
23,505 

$3X.736 
28,890 
33.409 
37.r>32 
4,2X2 
32.443 

15. 187 
10.780 
ll..'-)90 
25,383 
17.. 359 
15.320 

$118,211 

71.700 

70.7(X) 

205.380 

1.V2.K12 

106. 203 

55.233 

52,270 

51,145. 

OC.,(597 

22.977 

3h.«25 

$156,947 

1904 

100. 590 

1905 

1(H.109 

1906 

213.012 

1907 

157,094 

1908 

138.646 
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Prices. — Pure  crystalline  quartz  for  use  in  the  manufacture  of 
pottery,  abrasive  soaps,  paints,  wood  fillers,  etc.,  brings  usually  from 
about  $2  to  $3.50  per  long  ton,  crude,  f .  o.  b.  quarries,  and  the  ground 
material  brings  from  $6.50  to  $10  per  short  ton  f.  o.  b.  mills,  the  price 
varying  with  fineness  of  grinding,  distance  from  markets,  etc.  The 
purer  varieties  of  quartzite  used  for  similar  purposes  and  for  sand- 
papers sell,  as  a  rule,  at  somewhat  lower  prices,  the  crude  bringing 
from  about  $1  to  $2  per  long  ton  f .  o.  b.  mines,  and  the  ground  from  $6 
to  $8  per  short  ton  f.  o.  b.  mills.  The  finest  grades  of  crystalline 
quartz  groimd  to  an  impalpable  powder  and  used  for  tooth  powders, 
etc.,  may  bring  as  high  as  $20  per  ton  f.  o.  b.  mills.  Imported  French 
flints  cost  from  $3.50  to  $4  per  long  ton  f .  o.  b.  Philadelphia,  and  can 
be  delivered  in  Trenton,  N.  J.,  for  less  than  $5  per  long  ton. 

SMOKT  QUARTZ. 

Smoky  quartz  has  somewhat  the  appearance  of  smoked  glass, 
though  varying  from  a  faint  tint  of  gray  or  yellowish  brown  to  nearly 
black.  The  shade  commonly  varies  considerably  from  point  to  point 
in  the  same  crystal. 

Transparent  crystals  have  been  found  in  a  number  of  the  pegmatite 
masses  of  Maine  and  some  are  of  value  as  museum  specimens  and  as 
gems.  In  1884  a  mass  weighing  over  6  pounds,  with  clear  spaces 
several  inches  across,  was  found  on  Blueberry  Hill  in  the  town  of 
Stoneham,  Oxford  County,  and  a  broken  crystal  that  weighed  over 
100  pounds  and  another  4  inches  long  and  2  inches  across,  very  clear 
in  parts,  were  found  near  Mount  Pleasant  in  Oxford  County.  On  the 
southwestern  slopes  of  Mount  Apatite  in  Auburn,  Androscoggin 
Coimty,  a  large  pocket  in  coarse  pegmatite  has  yielded  considerable 
quantities  of  fine  crystals.  Transparent  quartz  of  pale  amber-brown 
color  has  been  observed  by  the  writer  at  the  Berry  quarry,  a  short 
distance  south  of  Mount  Apatite  in  Poland,  one  mass  showing  a  clear 
portion  3  by  5  inches  in  size. 

The  nature  of  the  coloring  matter  is  not  known,  but  on  heating  the 
smoky  varieties  generally  become  first  yellow  and  finally  colorless. 
Some  yellow  quartz  produced  in  this  way  is  cut  as  a  gem  imder  the 
name  of  ''Spanish  topaz''  or  '* citrine/'  though  the  true  citrine  is  a 
natural  occurrence  of  transparent  yellow  quartz.  Crystals  or 
irregular  masses  of  transparent  smoky  quartz  found  in  any  of  the 
feldspar  or  gem  quarries  should  be  preserved,  for  they  may  prove  of 
value  and  interest  to  the  mineral  or  gem  collector. 

ROSE   QUARTZ. 

Most  of  the  rose  quartz  found  in  Maine  is  somewhat  paler  in  tint 
than  that  commonly  utiUzed  as  a  gem  stone,  though  occasionally 
some  of  deeper  tint  is  obtained.    The  principal  supplies  of  this  mate- 
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rial  at  present  come  from  South  Dakota  and  Colorado.  In  Maine  it 
forms  irregular  masses  in  the  pegmatite  and  usually  grades  into  white 
quartz;  it  has  not  been  found  in  distinct  crystals.  It  occurs  in  a  num- 
ber of  the  smaller  pegmatite  bodies  of  Oxford  County,  notably  at 
Tubbs  Ledge  in  Norway,  Frenchs  Mountain  in  Albany,  and  occasion- 
ally at  Mount  Mica  in  Paris,  but  so  far  as  known  very  little  has  been 
marketed.  In  a  few  places  the  pale-rose  varieties  show  a  milky 
opalescence  and  are  very  beautiful  when  well  polished. 

Rose  quartz  from  the  Red  Rose  nune  in  South  Dakota  is  reported 
to  have  sold  in  1908  at  from  3  to  25  cents  per  pound,  according  to 
depth  of  color  and  number  of  flaws  or  seams.  Selected  material 
brought  from  $8  to  $12  per  pound. 

AMETHYST. 

Amethystine  quartz,  or  amethyst  as  it  is  commonly  called,  is  a  trans- 
parent purple  or  violet  variety  of  quartz  and  is  one  of  the  semiprecious 
stones.  It  must  not  be  confused  with  the  oriental  amethyst,  which  is  a 
rare  purple  variety  of  corundum  and  is  much  more  precious.  Deer 
Hill  in  the  extreme  northwestern  part  of  the  town  of  Stow,  Oxford 
County,  has  furnished  large  numbers  of  amethyst  crystals,  but 
nearly  all  of  them  are  of  a  pale  tint  and  of  little  value  as  gems.  They 
occur  in  pockets  in  the  coarse  pegmatite  and  also  in  the  soil  on  the 
southeast  slope  of  the  hill,  where  the  pegmatite  is  associated  in  a  most 
irregular  manner  with  fine-grained  granite.  Recently  George  Howe, 
of  Norway,  Maine,  has  found  some  remarkably  fine  specimens  of  ame- 
thyst on  Pleasant  Mountain,  in  the  town  of  Denmark,  Oxford  County. 
By  transmitted  daylight  these  stones  are  a  deep  royal  purple,  but  by 
lamplight  they  are  a  rich  wine  red. 

As  in  the  case  of  most  other  Maine  gems,  the  retail  prices  obtained 
within  the  State  for  Maine  amethysts  are  considerably  higher  than 
those  prevailing  in  the  New  York  market.  They  range  up  to  $10  a 
carat  for  well-cut  stones  of  the  paler  varieties,  and  from  $10  to  $18 
a  carat  for  those  showing  the  deep  colors. 

MICA. 

Types. — Mica  is  a  group  name  comprising  a  number  of  ntiineral 
species,  the  most  important  of  which,  economically,  are  biotite  (brown 
mica),  muscovite  (white  mica),  phlogopite  (amber  mica),  and  lepi- 
dolite  (pink  or  lilac  mica).  Though  biotite  is  occasionally  ground  for 
commercial  purposes,  it  is  so  intimately  intergrowTX  with  other  con- 
stituents in  the  Maine  pegmatites  as  to  be  unavailable  even  for  such 
treatment.  Lepidolite  from  Mount  Mica,  usually  intergrowTX  with 
some  albite  feldspar,  has  been  cut  into  slabs  and  polished  for  paper 
weights,  and  has  also  been  used  to  some  extent  as  a  source  of  lithium 
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salts;  its  use,  however,  is  spor&dic  and  it  commands  no  steady  market 
price.  Phlogopite,  which  is  produced  in  large  quantities  in  Canada 
and  is  used  for  the  same  purpose  as  muscovite,  is  not  found  in  com- 
mercial amounts  in  the  United  States.  Muscovite  is  the  only  mica 
variety  of  commercial  importance  produced  in  Maine. 

Physical  and  chemical  properties, — Muscovite  is  a  hydrous  silicate 
of  alumina  and  potash  with  a  little  water  and  usually  a  little  iron. 
The  hardness  of  the  mineral  is  between  2  and  3 ;  that  is,  mica  is  gen- 
erally soft  enough  to  be  scratched  with  the  finger  nail.  It  is  prac- 
tically infusible  at  ordinary  temperatures.  The  color  is  usually  a 
silver  gray  or  light  yellow,  and  the  mineral  is  generally  transparent. 
It  is  attacked  with  difficulty  by  reagents  and  in  nature  successfully 
resists  decomposition  for  long  periods.  Few  minerals  are  so  widely 
distributed.  In  small  flakes  it  is  a  conunon  constituent  of  a  great 
variety  of  rocks,  but  in  large  crystals,  such  as  can  be  used  commer- 
cially, it  is  generally  confined  in  Maine,  as  elsewhere,  to  pegmatite 
deposits.  Its  most  striking  physical  characteristic  is  its  highly  perfect 
basal  cleavage,  which  causes  it  to  split  into  tough,  flexible  sheets  whose 
thickness  may  be  less  than  a  thousandth  of  an  inch.  The  crystals  as 
they  occur  in  the  pegmatite  thus  resemble,  in  a  rough  way^  thick  pads 
of  paper  or  books.  The  name  *' books'*  is,  indeed,  frequently  used 
in  the  trade  as  a  convenient  descriptive  term  for  the  mica  crystals. 
A  few  of  the  books  show  regular  hexagonal  borders,  but  as  a  rule  their 
outlines  are  irregular. 

Muscovite  may  exhibit  certain  characteristics  not  mentioned 
above,  which  may  seriously  affect  its  commercial  value.  These  may 
be  enumerated  as  follows:     * 

By  far  the  conunonest  defect  noted  in  the  muscovite  of  the  Maine 
pegmatites  is  what  is  usually  termed  A  structure.  This  appears  to 
be  due  to  a  wedging  out  of  the  mica  folia  in  two  directions  inclined 
to  each  other  at  60*^.  It  is  recognized  in  a  mica  book  by  the  presence 
of  two  sets  of  striations  at  60°  to  each  other  and  parallel  to  the  direc- 
tions of  the  '*  ruling."  In  most  of  the  Maine  quarries  such  A  structure 
is  repeated  by  twinning  with  the  production  of  what  is  commonly 
termed  "fish-bone''  or  "herring-bone"  structure  (PL  XIX).  Mus- 
covite showing  A  and  fish-bone  structure  is  generally  used  only  as 
scrap  mica.  The  material  obtained  at  the  Black  Mountain  mine 
in  Rumford  was  wholly  of  this  type,  and  material  showing  these 
characters  is  found  in  nearly  all  the  pegmatite  deposits  which  have 
been  worked  conmiercially  either  for  feldspar,  mica,  or  gems,  and 
even  in  deposits  where  good  plate  mica  is  also  found. 

A  second  defect  frequently  met  is  commonly  termed  "ruling" 
and  consists  in  the  presence  of  sharp,  straight  fractures  parallel  to 
the  sides  of  the  crystal  and  thus  highly  inclined  to  the  plates.  These 
are  in  fact  the  secondary  or  less  perfect  cleavage  directions  and 
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they  commonly  divide  a  mica  mass  into  a  number  of  long  narrow 
ribbon-shaped  strips.  Many  large  clear  books  which  otherwise  could 
be  cut  into  large  pieces  of  mica  are,  because  of  this  ruling,  rendered 
no  more  valuable  than  much  smaller  books  which  are  free  from 
this  defect.  In  some  crystals  instead  of  actual  cleavage  there  is  a 
folding  or  wrinkling  of  the  mica  laminsB  parallel  to  the  secondary 
cleavage  directions,  which  suggests  that  both  wrinkling  and  actual 
cleavage  may  be  developed  in  some  cases  as  the  result  of  strains  to 
which  the  mica  books  have  been  subjected.  In  specimens  from  the 
Hibbs  mine  in  Hebron  the  secondary  cleavage  has  produced  a  mul- 
titude of  fractures  so  close  together  that  their  intersection  with  the 
principal  cleavage  planes  reduces  the  mica  to  a  mass  of  fine  fibers. 

Plate  mica  which  might  otherwise  be  of  good  quality  is  sometimes 
injured  by  the  presence  between  the  laminae  of  thin  crystals  of  mag- 
netite and  other  minerals  usually  showing  more  or  less  regular  radi- 
ating or  dendritic  forms.  Some  of  the  crystals  of  magnetite  occur- 
ring in  this  way  are  so  extremely  thin  that  they  are  transparent. 
The  presence  of  these  magnetite  crystals  injures  the  mica  for  elec- 
trical insulating  purposes,  as  they  form  a  path  for  the  current  and 
may  lead  to  a  puncturing  of  the  plate  and  short-circuiting.  Some 
such  mica  is,  nevertheless,  used  to  some  extent  in  the  electrical 
industries. 

Perfectly  colorless  mica  bears  the  highest  value,  though  a  slight 
tinge  of  color  is  for  most  purposes  not  regarded  as  a  defect. 

Occurrence, — ^In  some  places,  as  at  the  Waterford  quarries  and 
Black  Mountain  mica  mine  in  Rumford,  Oxford  County,  the  mus- 
covite  is  more  or  less  evenly  distributed  throughout  the  coarser  por- 
tion of  the  pegmatite  mass.  At  Black  Mountain  it  is  all  of  the 
wedge  variety,  some  of  the  spatulate  mica  books  being  3  feet  in 
length  and  1 J  feet  in  maximum  width.  In  most  localities,  however, 
though  present  to  some  extent  in  all  parts  of  the  pegmatite  mass, 
muscovite  is  much  more  abundant  along  certain  zones.  The  corn-^*' 
monest  mode  of  occurrence  is  illustrated  in  Plate  IX,  A,  and  has 
been  described  on  page  26.  More  or  less  rounded  aggregates  of  small 
muscovite  plates  occurring  in  certain  feldspar  quarries  have  also 
been  described  (p.  115).  At  the  Hibbs  mica  and  feldspar  mine  in 
Hebron,  muscovite,  mostly  of  the  wedge  variety,  occurs  sparingly 
throughout  the  whole  pegmatite  mass,  but  the  plate  mica  is  almost 
wholly  confined  to  a  zone  3  to  4  feet  in  width  along  the  southwest 
wall  of  the  pegmatite  body.  It  makes  up  about  10  per  cent  of  this 
zone,  the  other  minerals  being  feldspar  and  quartz.  The  books  are 
variously  oriented;  some  of  them  have  a  width  of  30  inches,  though 
the  average  is  about  5  inches. 

Mica  is  not  now  being  mined  in  Maine  and  the  efforts  to  mine  it  in 
the  past  have  for  the  most  part  proved  unprofitable  because  of  the 
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small  amount  or  poor  quality  of  the  material  obtainable  as  com- 
pared with  other  mica-producing  districts.  It  seems  probable  that 
a  few  of  the  Maine  deposits  could  be  worked  in  a  small  way  with 
profit,  but  the  industry  can  never  be  of  much  magnitude  unless 
there  is  a  marked  increase  in  the  demand  for  scrap  mica.  Localities 
where  it  has  been  mined  are  Albany,  Hebron,  Peru,  Black  Moimtain 
in  Rumford,  and  Waterford,  all  in  Oxford  County.  The  mines  are 
described  in  the  locality  descriptions.  Deposits  of  mica  have  been 
found  in  about  twenty  States  of  the  United  States,  and  have  been 
worked  profitably  in  a  number  of  them.  Among  the  States  where 
mica  has  been  actively  mined  are  North  Carolina,  South  Dakota, 
New  Hampshire,  Colorado,  Virginia,  Alabama,  South  Carolina, 
Idaho,  and  New  Mexico. 

Mining  and  manufacture. — The  mica  mining  at  the  Hibbs  mine 
in  Hebron  is  accessory  to  the  mining  of  feldspar,  both  minerals  being 
loosened  by  hand  drilling,  succeeded  by  blasting.  At  the  Black 
Moimtain  mine  in  Rumford  the  material,  which  was  all  scrap  mica, 
was  loosened  by  steam  drilling  and  blasting  and  was  then  picked 
over  so  as  to  free  it  entirely  from  fragments  of  quartz  or  feldspar  or 
other  minerals.  It  was  then  placed  in  100-pound  bags,  hauled  to  the 
railroad,  and  shipped  to  Gildersleeve,  Conn.,  for  grinding. 

At  the  Beach  Hill  mine  in  Waterford  the  mica,  after  being  thor- 
oughly cleaned  of  adhering  matter,  was  split  up  with  a  stout  knife 
into  plates  averaging  about  one-sixteenth  of  an  inch  in  thickness. 
If  these  plates  showed  fractures^  or  creases  they  were  then  cut  into 
two  or  more  pieces,  the  knife  following  the  cracks  or  creases  so  as  to 
eliminate  the  imperfections  and  at  the  same  time  leave  as  large  per- 
fect plates  as  possible;  this  process  is  known  as  thumb  trimming. 
Most  of  the  plate  mica  was  marketed  in  this  form,  though  some  of 
the  output  was  further  trimmed  to  various  standard  market  sizes. 

Uses. — The  following  accoimt  of  the  uses  of  mica  is  quoted  from 
a  report  by  Douglas  B.  Sterrett:* 

The  principal  use  for  mica  during  recent  yeaiB  has  been  and  still  is  in  the  manu- 
facture of  electrical  apparatus;  formerly  its  application  in  stove  manu&tcture  con- 
sumed the  bulk  of  the  production.  The  glazing  industry  still  consumes  much  of  the 
finest  grades  of  sheet  mica  in  the  manufacture  of  windows  for  coal^  gas^  and  oil  stoves, 
gas-lamp  chimneys,  and  in  many  minor  uses,  as  lamp  shades,  fronts  for  fancy  boxes, 
etc.  The  use  of  mica  as  an  insulating  material  in  electrical  apparatus  and  machinery 
is  extensive.  Many  forms  of  dynamos,  mo  tore,  induction  apparatus  using  high  voltage, 
switchboards,  lamp  sockets,  etc.,  have  sheet  mica  in  their  construction.  For  prac- 
tically every  purpose  of  electrical  insulation,  with  the  exception  of  commutatois  of 
dynamos  and  motors,  the  domestic  mica  is  as  satisfactory  as  any  other.  For  insula- 
tion between  the  copper  bars  of  commutator  segments,  however,  no  mica  produced  in 
the  United  States  is  as  satisfactory  as  the  "amber  "or  phlogopite  mined  in  Canada  and 
Ceylon.  This  is  due  to  the  fact  that  the  "amber"  mica  wears  down  evenly  with  the 
copper  segments,  whUe  the  ordinary  white  or  muscovite  mica,  through  its  greater  hard- 
I,  does  not  wear  down  so  rapidly  and  is  left  in  ridges  above  the  copper,  causing  the 

•  ICineial  Besooroea  U.  S.  for  1908,  pt.  2,  U.  S.  Qeol.  Sanrey,  1909,  p.  751. 
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motor  to  spark.  Much  of  the  sheet  mica  used  in  electrical  apparatus  is  first  made  up 
into  large  sheets  of  mica  board  or  micauite.  In  this  form  it  is  available  for  use  in  most 
of  the  purposes  for  which  ordinary  sheet  mica  can  be  used.  It  can  be  bent,  rolled, 
cut,  punched,  etc.  Bending  is  accomplished  during  baking,  or  by  heating  to  soften 
the  shellac  used  in  the  manufacture  of  the  mica  board.  Insulation  for  commutators 
is  generally  cut  from  '^ amber"  mica  board. 

Scrap  mica,  or  mica  too  small  to  cut  into  sheets,  and  the  waste  from  the  manufac- 
ture of  sheet  mica  are  used  in  large  quantities  commercially.  The  greater  part  is 
ground  for  the  manufacture  of  wall  papers,  lubricants,  fancy  paints,  molded  mica  for 
electrical  insulation,  etc.  Ground  mica  applied  to  wall  papers  gives  them  a  silvery 
luster.  When  mixed  with  grease  or  oils  mica  forms  an  excellent  lubricant  for  axlee 
and  bearings.  Mixed  with  shellac  or  special  compositions,  ground  mica  can  be 
molded  into  desired  forms,  and  is  used  in  insulators  for  wires  carrying  high  potential 
currents.  Ground  mica  for  use  in  molded  mica  for  insulation  purposes  should  be  free 
of  metallic  minerals.  For  lubrication  purposes  it  is  necessary  that  gritty  matter  be 
eliminated,  either  after  grinding  or  by  using  only  pure  mica  for  grinding.  For  wall 
papers  and  brocade  paints  a  ground  mica  with  a  high  luster  is  required.  This  is  best 
obtained  by  using  a  clean  light-colored  mica  and  grinding  under  water. 

CoazBely  ground  or  bran  mica  is  used  to  coat  the  surface  of  composition  roofing 
material,  especially  that  manufactured  by  the  Western  Klaterite  Roofing  Company, 
of  Denver,  Colo.  The  mica  serves  the  purpose  of  keeping  the  material  from  sticking 
when  rolled  for  shipping  or  storage. 

In  the  Western  States  the  dry  process  is  the  common  practice  in  grinding  mica,  but 
in  the  mica  r^ons  of  the  Eastern  States  the  greater  part  of  the  mica  is  ground  under 
water.  In  dry-grinding  machines  the  mica  is  pulverized  by  the  beating  action  of 
teeth  or  bars  on  cylinders  revolving  at  a  high  rate  of  speed.  In  wet-grinding  machines 
the  mica  is  beaten  and  torn  under  water  by  teeth  or  spikes  mounted  in  wheels  or  cyl- 
inders revolving  at  a  comparatively  slow  rate  of  speed.  The  capacity  of  the  dry- 
grinding  machines  or  pulverizers  is  considerably  greater  than  that  of  the  wet-grinding 
machines.  The  dust  of  fine  mica  scales  from  the  pulverizers  is  often  a  cause  of  annoy- 
ance to  workmen  around  the  mills,  as  it  is  very  irritating  to  the  throat  and  lungs  when 
breathed.  It  is  claimed  that  mica  ground  under  water  is  better  than  that  ground  dry. 
Some  consumers  demand  the  wet-ground  mica,  claiming  a  greater  purity  and  more 
brilliant  luster.  It  is  possible  that  the  same  effect  could  be  obtained  by  thoroughly 
wajshing  dr>'-ground  mica  and  floating  the  product. 

PRICES    AND   PRODUCTION. 

The  following  statements  in  regard  to  the  price  of  mica  are  also 
quoted  from  Sterrett's  report: 

The  average  price  of  sheet  mica  in  the  United  States  during  1908,  as  deduced  from 
the  total  production,  was  24.1  cents  per  pound,  as  compared  with  33  cents  per  pound 
in  1907  and  with  17.7  cents  in  1906.  The  average  prices  per  pound  of  sheet  mica  as 
reported  in  the  production  from  several  States  were  as  follows:  Virginia,  44.2  cents; 
South  Carolina,  35.7  cents;  South  Dakota,  33.3  cents;  Alabama,  24  cents;  North  Caro- 
lina, 19.1  cents.  These  average  values  vary  greatly  from  year  to  year,  a  result  caused 
in  part  by  variation  between  the  proportion  of  rough  and  trimmed  sheet  mica  sold  by 
the  producers  and  in  part  by  variation  in  the  size  of  sheet  produced. 

The  prices  of  several  sizes  of  selected  mica  quoted  in  the  price  list  of  a  large  mica 
company  of  New  York  during  1908  were  as  follows: 

Prices  per  pound  of  selected  sizes  of  sheet  mica  at  New  York  in  190S. 


2  by  2  inches $0.87 

2  by  3  inches 1.10 

2by5inchr- 1.70 

SbySinchc*^ 2.75 


3  by  4  inches $3.  25 

4  by  6  inches 4.  75 

6  by  8  inches 6.  75 
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In  most  years  the  importations  of  mica  into  the  United  States  are 
largely  in  excess  of  the  domestic  production  in  value.  They  come 
mainly  from  India  and  Canada. 

TOUBMAIJNE. 

Chemical  and  physical  properties. — Tourmaline  is  a  complex  silicate 
of  boron  and  alimiinum  containing  various  amounts  of  either  magne- 
sium, iron,  or  the  alkali  metals.  The  form  of  the  more  perfect  crystals 
is  commonly  that  of  a  three-sided  prism,  the  sides  of  the  prism  usually 
being  striated  and  channeled  (PI.  XV).  In  many  crystals  the  three- 
sided  form  is  somewhat  modified  by  the  combination  with  it  of  a  hex- 
agonal prism.  The  latter  is  usually  subordinate  and  has  the  effect  of 
merely  somewhat  rounding  the  angles  of  the  triangular  prism.  Many 
crystals  are  terminated  by  three  planes  forming  a  low  pyramid,  but 
in  others  the  number  of  terminal  planes  is  very  large.  The  hardness 
(7  to  7.5)  is  slightly  greater  than  that  of  quartz.  There  is  no  well- 
defined  cleavage. 

The  mineral  exhibits  a  great  variety  of  colors,  ranging  from  black 
through  brownish-black  and  blue-black  to  blue,  green,  red,  pink,  and 
colorless.  The  red  varieties  go  imder  the  name  of  rubellite;  the  blue 
varieties  are  known  as  indicolite  and  the  colorless  as  achroite.  A 
crystal  may  be  green  at  one  end  and  red  at  the  other  or  in  cross 
section  may  show  a  blue  center,  then  a  zone  of  red,  and  then  one  of 
green.  Some  of  the  crystals  from  Paris,  Oxford  County,  grade  from 
white  at  one  termination  to  emerald  green,  then  light  green,  then 
pink,  and  finally  are  colorless  at  the  other  termination.  The  color  is 
dependent  on  the  chemical  composition,  the  green,  blue,  pink,  and 
colorless  varieties  generally  being  rich  in  Uthium  and  manganese  and 
the  dark  opaque  varieties  being  particularly  rich  in  iron.  The  color 
in  the  transparent  varieties  varies  with  the  direction  in  which  the 
light  penetrates  the  gem;  thus  a  crystal  which,  when  viewed  from 
the  side,  is  a  transparent  green,  may  be  opaque  or  yellow-green  when 
viewed  along  the  length  of  the  prism.  Because  of  this  property  of 
dichroism,  as  it  is  called,  it  is  usually  necessary  in  cutting  gem  tour- 
malines to  make  the  ** table''  of  the  stone  parallel  to  the  long  axis  of 
the  crystal.  Another  distinctive  quality  of  the  mineral  is  that  it 
becomes  electrified  when  warmed  slightly  and  is  then  capable  of 
picking  up  ashes,  small  scraps  of  paper,  etc. 

Occurrence. — TourmaUne  occurs  in  small  crystals  in  a  great  variety 
of  rocks  and  may  be  either  an  original  crystallization  or  the  result  of 
metamorphic  processes.  Large  crystals  and  those  wliich  are  of  gem 
value  occur  only  in  the  pegmatite  deposits.  The  black  varieties  occur 
almost  exclusively  in  the  solid  pegmatite  associated  with  quartz  and 
feldspar  and  without  any  regularity  in  arrangement.  The  black 
varieties  may  contain  from  3  to  nearly  20  per  cent  of  oxides  of  iron 
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and  must  be  carefully  separated  from  feldspar  which  is  to  be  used  for 
pottery  purposes.  The  colored  varieties  occasionally  are  found  also 
in  the  solid  pegmatite,  as  at  the  Newry  mine  (p.  76),  but  where  occur- 
ring in  this  way  seldom  yield  much  gem  material  because  of  the  diffi- 
culty of  removing  them  unfractured  from  their  matrix.  The  colored 
tourmalines  showing  the  greatest  perfection  in  crystal  form  and  yield- 
ing most  of  the  gem  stock  occur  in  pockets  in  the  coarse  pegmatite 
bodies.  For  a  detailed  description  of  their  mode  of  occurrence  the 
reader  is  referred  to  the  description  of  Moimt  Mica  (pp.  81-93). 

Outside  of  Maine  gem  tourmalines  are  produced  in  the  United 
States  in  important  amounts  only  in  Connecticut  and  California. 
Abroad  they  are  foimd  in  Brazil,  in  the  Ural  Mountains,  and  in  CeyJon. 

Mining,  prices,  etc. — ^Mount  Mica  in  Paris  and  Mount  Apatite  in 
Auburn  are  the  only  localities  where  systematic  mining  for  tourma- 
lines is  now  being  carried  on,  although  a  few  gem  tourmalines  are 
occasionally  found  at  certain  of  the  feldspar  quarries.  The  quarries 
have  been  described  in  the  detailed  locality  descriptions.  In  general, 
the  excavation  must  proceed  with  great  caution;  the  drilling  must  be 
done  in  a  most  careful  manner,  much  of  it  by  hand ;  and  heavy  charges 
of  explosives  must  be  avoided  because  of  the  liability  of  shattering 
valuable  gem  material. 

Most  of  the  gem  tourmalines  now  mined  in  Maine,  when  not  pre- 
served for  museum  purposes,  are  cut  within  the  State  by  lapidaries 
whose  workmanship  is  said  often  to  equal  that  of  the  best  New  York 
cutters.  The  size  and  general  character  of  the  finest  gems  which 
have  been  cut  is  described  in  the  discussion  of  Mount  Mica.  The 
great  bulk  of  the  cut  tourmalines  marketed  are,  however,  below  3 
carats  in  size.  Rubellites  aad  stones  of  a  color  approaching  an  emer- 
ald green  are  the  most  valuable. 

The  prices  obtained  in  Maine  are  higher  than  those  current  in  New 
York  City,  because  most  are  sold  at  retail  to  residents  of  the  State  or  to 
summer  tourists  and  have  an  enhanced  value  as  souvenirs.  Rubel- 
lites and  emerald-green  varieties  bring  at  retail  from  $8  to  $20  per 
carat.  The  indicolite  and  olive-green  varieties  bring  from  $6  to  $18 
a  carat. 

BERYL. 

CHEMICAL    AND   PHYSICAL   PROPERTIES. 

Under  the  name  beryl  are  included  tlie  opaque  beryl  found  in 
nearly  all  the  pegmatite  dikes  and  the  much  rarer  gem  varieties, 
emerald,  aquamarine,  golden  beryl,  and  caesium  beryl.  In  chemical 
composition  beryl  is  a  silicate  of  beryllium  and  alumina  having  the 
general  formula  of  BegAljSieOjg  or  SBeO.AljOj.GSiOj,  but  with  the 
beryllium  oxide  replaced  in  some  varieties  by  soda,  lithia,  or  calcium 
oxide.     The  mineral  has  a  hardness  of  7^  to  8 ;  that  is,  it  can  not 
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be  scratched  with  a  knife.  The  color  varies  from  emerald  green 
through  pale  green,  light  blue,  and  golden  yellow  to  white  and  pale 
pink.  The  crystals  are  generally  hexagonal  prisms,  many  of  them 
striated  vertically,  and  most  of  them  terminated  by  a  single  flat 
plane  at  right  angles  to  the  long  axis  of  the  prism.  Some  pyramidal 
terminations  also  occur.  There  is  no  marked  cleavage,  only  an 
imperfect  one  parallel  to  the  basal  planes.  Beryl  is  fusible  only  with 
difficulty  and  is  not  attacked  by  acids. 

OPAQUE  BERYL. 

The  commoner  varieties  of  beryl  are  Ught  blue  or  green  in  color, 
and  are  opaque,  though  portions  of  some  crystals  are  transparent 
and  may  even  yield  gems.  Opaque  crystals  are  quite  common  in 
most  of  the  coarser  pegmatite  deposits  of  Maine,  where  they  occur  as 
more  or  less  regular  prisms  embedded  in  the  solid  pegmatite.  Some 
of  these  reach  remarkable  dimensions;  one  found  in  the  Maine  Feld- 
spar Company's  quarry  at  Mount  Apatite  in  Auburn  was  described 
as  having  a  diameter  equal  to  that  of  a  hogshead.  One  from  the 
Noyes  gem  mine  in  Greenwood,  Oxford  County,  was  so  lai^e  that  a 
man  could  barely  reach  around  it  with  his  arms.  From  Acworth, 
N.  H.,  one  crystal  6^  feet  long  and  another  estimated  to  weigh  over 
2^  tons  were  quarried.  A  pecuUar  beryl  from  Aubiun  is  described 
by  Kunz  as  follows:  <* 

In  the  state  cabinet  in  Albany,  N.  Y.,  is  a  curious  beryl  found  by  S.  G.  Hatch  at 
Auburn.  Maine.  It  is  of  imperfect  structure  and  broken  diagonally  across,  showing  the 
structure  to  advantage.  It  is  8 f  inches  (30  centimeters)  high,  8}  inches  (22  centi- 
meters) wide,  and  has  50  different  layers,  25  of  beryl,  the  remaining  25  of  albite, 
quartz,  and  muscovite.  All  the  comers  of  the  hexagonal  prism  are  carried  out  in 
fuU,  giving  the  beryl  an  asteriated  appearance  and  making  it  a  striking  and  interesting 
specimen. 

The  opaque  varities  of  beryl  are  of  little  commercial  value,  though 
prized  for  museum  collections  when  they  show  perfect  crystal  forms. 

EMERALD. 

Transparent  beryl  of  deep-green  color  is  the  gem  emerald,  but  it 
must  not  be  confused  with  the  oriental  emerald,  which  is  a  green 
variety  of  corundum.  Emeralds  are  of  rare  occurrence  in  the  peg- 
matite deposits  of  Maine.  One  crystal  of  light  grass-^reen  color 
embedded  in  quartz  was  observed  by  the  writer  at  the  Dunton  gem 
quarry  in  Newry,  Oxford  County.  It  was  a  prism  half  an  inch  across 
and  1}  inches  long  but  was  so  badly  fractured  as  to  be  valueless 
for  gems.  Parker  Cleveland  ^  mentions  having  seen  several  emer- 
alds from  Topsham,"  Sagadahoc  County,  of  a  lively  green  color  and 

o  Kunz,  Q.  Fm  Gems  and  precioiu  stones,  pp.  91-02. 
ft  Mineralogy  and  geology,  1822. 

63096**~Bull.  446—11 10 
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comparable  in  beauty  to  the  Peruvian  emeralds,  but  none  are  now  in 
the  museums  and  none,  so  far  as  the  writer  knows,  have,  since  been 
found.  In  the  United  States  emeralds  are  found  in  important  quan- 
tities only  in  North  Carolina.  Abroad  they  are  obtained  in  Colombia, 
the  Urals,  Austria,  and  upper  Egypt. 

AQUAMARINE. 

The  light-blue  to  sky-blue  and  light-green  transparent  varieties  of 
beryl  known  as  aquamarine  are  more  abundant  than  any  of  the  other 
gem  varieties  of  beryl  found  in  Maine,  and  specimens  of  remarkable 
size  and  beauty  have  been  obtained.  The  prismatic  crystals  lie  in 
various  positions  in  the  solid  pegmatite  masses  and  are  more  com- 
monly associated  with  quartz  than  with  the  other  constituents. 
Few  of  them  occur  in  pockets.  Their  position  in  the  solid  ledge 
renders  it  difficult  to  obtain  the  crystals  without  more  or  less  frac- 
turing. Some  few  crystals  come  from  quarries  which  are  worked 
primarily  for  feldspar  or  for  tourmalines,  but  the  principal  supply, 
like  that  of  golden  beryl,  is  obtained  by  gem  collectors  who  work 
small  prospects,  using  hand  drills  and  light  blasts  of  powder. 

Most  of  the  gem  material  has  come  from  Oxford  County.  Some 
has  been  obtained  from  what  is  known  as  the  Emmons  mine  in  the 
southwestern  part  of  Greenwood,  from  Frenchs  Mountain  in  Albany, 
Sugar  Hill  in  Stoneham,  and  Lovell,  Bethel,  and  other  towns.  A  fine 
sea-green  aquamarine  weighing  about  7  carats  was  tound  near  Sum- 
ner. Recently  some  good  gems  have  been  obtained  on  the  Dudley 
farm  in  Buckfield. 

The  price  obtained  at  retail  for  the  cut  stones  ranges  from  $4  to 
$15  per  carat  for  perfect  stones,  depending  on  tlie  size  and  color. 
Most  of  the  stones  now  obtained  in  Maine  are  cut  and  marketed 
within  the  State. 

GOLDEN  BERYL. 

Beautiful  transparent  golden-yellow  ])eryls  have  been  obtained  in 
the  pegmatites  at  various  points  in  Oxford  County,  at  Edgecomb 
Mountain  in  Stoneliain,  in  Albany,  and  recently  good  gem  material 
of  a  straw  yellow  lias  been  obtained  from  the  west  side  of  Speckled 
Mountain  in  Peru.  They  are  mined  si)oradieally  by  gem  collectors, 
mostly  from  small  prospects.  The  retail  prices  obtained  for  flawless 
cut  stones  of  this  variety  vary  from  $10  to  $25  per  carat,  depending 
upon  the  size  and  color.  Nearly  all  that  are  found  are  sold  to  resi- 
dents or  to  visitors,  and  as  native  Maine  gems  command  a  higher  price 
than  they  would  in  the  general  markets. 
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C-ESIUM    BERYL. 

A  colorless  to  bluish-white  or  pinkish-white  variety  of  beryl  con- 
taining a  small  percentage  (1.66  per  cent  to  3.6  per  cent)  of  oxide  of 
caesium  was  first  discovered  in  Hebron,  Oxford  County,  but  has  since 
been  found  to  occur  at  a  number  of  other  pegmatite  localities  in  the 
western  part  of  the  State,  notably  at  Mount  Mica  in  Paris,  at  the 
Dudley  farm  in  Buckfield,  Oxford  County,  and  at  the  feldspar  quarry 
of  Mr.  A.  R.  Berry  in  Poland,  Androscoggin  County.  Generally  it 
occurs  in  somewhat  irregular  masses  in  the  solid  pegmatite,  but  in 
some  occurrences  shows  regular  crystal  forms.  When  cut  it  makes  a 
stone  of  high  brilliancy  which  as  a  night  stone  is  considered  by  some 
to  be  superior  to  many  diamonds.  It  is  valued  chiefly  because  of  its 
resemblance  to  the  diamond.  Flawless  cut  stones  of  moderate  sizes 
sell  at  retail  at  present  at  from  $5  to  $20  a  carat. 

TOPAZ. 

Topaz  is  a  siUcate  of  alumina  containing  fluorine  and  having  about 
the  composition  Al^SigOgsFjo.  It  may  be  colorless,  straw  yellow,  or 
wine  yellow,  or  may  show  faint  tints  of  gray,  green,  blue,  or  red.  Its 
hardness  is  8,  and  it  is  thus  capable  of  scratching  quartz.  It  is  also 
much  heavier  than  quartz,  having  a  specific  gravity  of  3.4  to  3.65. 
The  mineral  belongs  to  the  orthorhombic  system  and  its  crystals  are 
usually  prismatic  in  form,  with  one  end  terminated  by  crystal  faces. 
It  possesses  a  perfect  cleavage  at  right  angles  to  the  prism  axis. 
Transparent  smoky  quartz  is  frequently  called  smoky  topaz,  and  the 
so-called  Spanish  topaz  is  simply  smoky  quartz  heated  until  it 
assumes  a  yellow  color.  Clear,  colorless  quartz  is  also  sometimes 
sold  under  the  name  of  topaz. 

So  far  as  known  to  the  writer,  topaz  in  any  considerable  amounts 
has  been  found  in  Maine  only  at  Harndon  Hill  in  Stoneham,  Oxford 
County.     (See  p.  100.) 
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PREFACE. 


By  Au^RED  H.  Bbooks. 


The  general  plan  for  the  Alaskan  work  provides  first  for  recon- 
naissance surveys  which  it  is  intended  eventually  to  extend  over  the 
entire  Territory.  These  reconnaissance  surveys  are  followed  by  the 
detailed  mapping  of  the  most  important  mining  district. 

The  first  investigation  of  the  mineral  resources  of  southeastern 
Alaska  by  the  Geological  Survey  was  made  by  Becker^  in  1895. 
More  systematic  surveys  of  Alaska  were  begun  in  1898,  but  for  several 
years  the  demands  of  the  unexplored  regions  of  the  interior  prevented 
any  attention  being  given  to  the  coastal  provinces.  In  1901  a  hasty 
examination  of  the  Ketchikan  district^  was  undertaken,  and  in  1903 
and  1904  reconnaissance  surveys  of  the  Juneau  and  Porcupine  dis- 
tricts^ were  completed.  Reconnaissance  surveys  have  been  continued 
in  southeastern  Alaska  up  to  the  present  time.  With  the  publication 
of  the  report  on  the  Wrangell  and  Ketchikan  districts'  in  1908  all  the 
most  important  mining  regions  were  covered.  There  still  remain, 
however,  extensive  areas  in  southeastern  Alaska  of  which  the  geology 
is  but  little  known. 

Meanwhile  some  detailed  geologic  studies  have  been  made.  In  1902 
and  1903  the  detailed  geologic'  and  topographic^  mapping  of  the 
most  productive  part  of  the  Juneau  district  was  completed.  Between 
1906  and  1908  detailed  topographic  surveys  of  the  Kasaan  Peninsula, 
Karta  Bay,  and  Hetta  Inlet  copper-bearing  areas  were  completed. 
Owing  to  circumstances  beyond  the  control  of  the  writer,  the  results 
of  these  surveys  have  not  been  published,  but  it  is  hoped  that  they 
may  be  issued  during  1911.  Plans  for  detailed  studies  of  the  Bemers 
Bay  region  were  formulated  in  1906,  when  a  topographic  survey  of 
the  district^  was  made.     Owing  to  the  litigation  in  which  several  of 

a  Becker,  O.  F.,  Reoonnaiaaanoe  of  the  gold  fields  of  soathern  Alaska,  with  some  notes  on  the  general 
gpoHogj:  Elghteeath  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  8, 1897,  pp.  1-96. 

^  Brooks,  A.  H..  Piellmlsary  report  on  the  Ketchikan  mining  district,  with  an  introdactory  sketch  of  the 
geology  of  soathMStem  Alaska:  Prof.  Paper  U.  S.  Oeol.  Survey  No.  1, 1902. 

c Spencer,  A.  C,  The  Joneaa  gold  belt;  Wright,  C.  W.,  A  reconnaissance  of  Admiralty  Island:  Bull. 
U.  S.-GeoL  Survey  No.  287,1906.  Wright,C.  W.,The  Porcupine  placer  district:  Bull.  U.  S.  Oeol.  Survey 
No.  236, 190ft. 

«  Wright, a  W.  and  F.  E.,  The  Ketchikan  and  Wrangell  mining  districts,  Alaska:  Bull.  U.  S.  Geol.  Sur- 
vey No.  317, 1908. 

•Bpenoer,  A.  C,  BnU.  U.  8.  Geol.  Survey  No.  287, 1906. 

/  JuDoaa  special  map,  U.  8.  Geol.  Survey,  1904. 

r  Bemers  Bay  special  map,  No.  581B,  U.  S.  Geol.  Survey,  1906. 
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6  PBEFACE. 

the  largest  mining  properties  of  the  district  have  been  involved,  the 
geologic  work  was  postponed  until  last  year  (1909),  when  the  settle- 
ment of  one  of  the  important  lawsuits  gave  promise  that  the  district 
would  soon  become  an  important  gold  producer. 

The  heavy  growth  of  timber,  the  thick  underbrush,  and  the  mat  of 
moss  mantle  the  bed  rock  of  much  of  this  region  to  such  an  extent  as 
to  make  detailed  geologic  surveys  almost  hopeless.  It  is  for  this  reason 
that  but  few  cartographic  units  have  been  used  in  representing  the 
geology.  It  is  believed,  however,  that  the  subdivisions  made  are 
sufficiently  detailed  so  that  the  geologic  map  may  serve  the  purpose  of 
the  prospector  as  well  as  outline  the  important  features  of  the  geology. 

Mr.  Knopf's  studies  show  that  the  ore  bodies  occur  in  intrusive 
rocks  which  are  partly  of  post-Jurassic  or  post-Lower  Cretaceous  age. 
This  is  confirmative  of  the  views  previously  held,  of  which  definite 
proof  was  lacking.  It  affords  additional  evidence  of  the  synchroneity 
of  the  mineralization  of  south-central  Alaska  with  that  of  the  Mother 
Lode  district  of  California.  This  work  also  proves  that  the  sediments 
and  associated  greenstones  of  the  Juneau  gold  belt  previously  assigned 
to  the  Carboniferous  are  in  part  at  least  Mesozoic. 

This  report  is  based  on  studies  made  in  such  detail  as  the  physical 
conditions  permitted.  The  fact  that  none  of  the  mines  were  in  opera- 
tion hampered  to  a  large  degree  the  investigations  of  the  ore  bodies. 
If  mining  develops  in  this  field  to  the  extent  which  seems  warranted 
by  the  knowledge  of  its  auriferous  deposits,  the  time  will  come,  when 
a  more  exhaustive  study  of  the  ore  bodies  should  be  undertaken. 


THE  BERNERS  BAY  REGION,  ALASKA. 


By  Adolph  Knopf. 


INTRODUCTION. 

The  Bemers  Bay  region  forms  the  northwestern  extremity  of  the 
long  zone  of  auriferous  mineralization  on  the  mainland  of  southeastern 
Alaska  known  as  the  Juneau  gold  belt.  This  belt  has  a  total  length 
of  100  miles  and  extends  southeastward  to  Windham  Bay,  60  miles 
southeast  of  Juneau.  A  large  number  of  prospects  are  scattered 
along  the  gold  belt,  but  at  two  localities,  Jimeau  and  Bemers  Bay, 
there  is  a  marked  clustering  of  producing  mines  or  of  potentially 
productive  ore  bodies. 

The  famous  Treadwell  group  of  mines,  the  Perseverance  mine,  and 
other  properties  of  great  possibilities  are  located  in  the  Juneau 
region;  a  large  niunber  of  auriferous  lodes,  although  none  are  com- 
parable in  magnitude  with  those  of  the  better-known  properties  of 
the  Juneau  region,  are  massed  in  the  Bemers  Bay  region — a  com- 
paratively small  area — and  on  account  of  the  favorable  topographic 
conditions  make  that  region  an  attractive  mining  field. 

The  general  geologic  features  of  the  Juneau  gold  belt  as  a  whole 
have  been  described  by  Spencer .*•  During  his  reconnaissance  of  the 
gold  belt  in  1903  only  two  or  three  days  could  be  devoted  to  the 
Bemers  Bay  region,  but  that  brief  study  sufficed  to  bring  out  the 
broader  facts  concerning  the  ore  bodies.  In  the  same  year  he  com- 
pleted a  detailed  geologic  investigation  of  the  environs  of  Juneau 
and  was  able  to  publish  a  geologic  map  on  the  scale  of  1  mile  to  the 
inch  to  accompany  his  report.  The  present  study,  undertaken  in 
the  year  1909,  is  part  of  the  plan  that  contemplates  a  detailed  inves- 
tigation of  the  northern  portion  of  the  Juneau  gold  belt,  to  connect 
with  the  earlier  detailed  work  of  Spencer  in  the  vicinity  of  Juneau. 

Field  work  on  the  Bemers  Bay  region  was  commenced  by  the 
writer  on  May  25,  1909,  and  completed  July  6,  1909.  The  condi- 
tions under  which  it  was  carried  on  were  not  of  the  most  auspicious 
character.  On  account  of  the  unusually  late  season  snow  lay  on 
the  mountains  above  an  altitude  of  1,000  feet  during  the  greater 

a  Spencer,  A.  C,  The  Janeau  gold  belt,  Alaska:  Ball.  U.  8.  QeoL  Survey  No.  287, 1906. 
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part  of  the  time.  The  rocks  are  obscured  as  a  rule  by  a  dense  grovrth 
of  moss  and  other  vegetation,  and  exposures  are  rare  between  the 
shore  and  the  timber  Une.  Nevertheless  it  is  believed  that  the 
broader  distribution  of  the  rock  types  is  indicated  with  sufficient 
accuracy  on  the  geologic  map  accompanying  this  report  (Fl.  II). 
The  general  cessation  of  all  mining  activity  in  the  region,  the  absence 
of  everyone  familiar  with  the  underground  development,  and  the 
inaccessible  condition  of  many  of  the  mines  precluded  as  complete 
a  study  of  the  economic  geology  as  might  otherwise  have  been 
possible. 

HISTORY. 

Gold  ore  lodes  were  first  discovered  in  the  Bemers  Bay  region  in 
1886  or  1887.**  According  to  local  report  float  was  foimd  by  pros- 
pectors at  the  mouth  of  Sherman  Creek,  and  this  led  to  the  discovery 
of  ore  bodies  outcropping  in  the  upper  portion  of  the  drainage  area 
of  this  stream.  In  1890  a  settlement  known  as  Seward  City  was 
started  on  the  shore  of  Lynn  Canal  at  the  mouth  of  Sherman  Creek,* 
and  enjoyed  an  ephemeral  prosperity  during  the  middle  of  the  last 
decade  of  the  nineteenth  century.  The  settlement,  now  nearly 
deserted,  is  known  as  Comet,  the  name  Seward  having  been  adopted 
by  an  important  town  on  Resurrection  Bay  on  Kenai  Peninsula. 

Between  1890  and  1900  five  stamp  mills  aggregating  80  stamps 
were  erected  in  the  region.  Owing  to  a  variety  of  causes,  they  are 
now  all  idle.  In  1905  the  Bemers  Bay  Mining  and  Milling  Company, 
which  controlled  one  of  the  most  productive  mines  in  the  region  and 
which  held  other  valuable  properties,  became  involved  in  financial 
and  legal  difficulties.  A  protracted  litigation  ensued  which  extended 
through  a  number  of  years,  and  final  adjudication  was  not  rendered 
until  near  the  close  of  1909.  It  was  reported  in  March,  1910,  in 
current  nimibers  of  the  mining  periodicals  that  the  property  had 
been  sold  at  marshal's  sale  for  $800,000  to  the  International  Trust 
Company,  of  Boston.  Development  of  the  ore  bodies  and  rehabiU- 
tation  of  the  plant  and  tramways  will  undoubtedly  soon  be  under- 
taken and  a  period  of  increasing  production  may  be  anticipated. 

PRODUCTION. 

The  total  production  of  the  Bemers  Bay  region  up  to  the  close  of 
1909  has  been  approximately  $1,100,000.  Two  mines,  the  Comet 
and  the  Jualin,  have  furnished  almost  the  entire  output.  The  largest 
output  for  any  single  year  was  that  of  the  year  preceding  June,  1895, 
when  the  Comet  mine  is  reported  to  have  yielded  over  $200,000.* 

aOarside,  O.  W.,  Trans.  Am.  Inst.  Mln.  Eng.,  vol.  21, 1803,  p.  822. 

b  Alaska:  Eleventh  Census,  18d3,  p.  234. 

e  Becker,  O.  F.,  Eighteenth  Ann.  Rept.  U.  S.  Qeol.  Survey,  pt.  3, 1807,  p.  77. 
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GEOGRAPHY. 
SirUATIOH  OF  THE  BBGIOH. 

The  Bemers  Bay  region,  which  takes  its  name  from  a  sheet  of 
water  4  miles  wide  indenting  the  ntstheast  side  of  Lynn  Canal,  is 
situated  45  miles  northwest  of  Juneau,  the  capital  of  Alaska.  The 
tenn  "Bemers  Bay  region"  would  naturally  include  all  territory 
contiguous  to  the  bay,  but  for  the  purposes  of  this  report,  as  in  pop- 
ular usage,  the  name  is  applied  to  the  long,  tapering  peninsula  and 
its  moimtainons  background  that  he  between  Bemers  Bay  and  Lynn 
Canal  (fig.  1).     The  areal  extent  is  approximately  50  square  miles. 

The  region  is  easily  reached  by  water  from  Juneau.  Local  steamers 
plying  on  a  weekly  schedule   between  Juneau  and  Skagway  call 


r^ularly  at  Comet,  on  Lynn  Canal,  which  is  the  only  settlement  in 
the  district.  Although  no  post-office  is  maintauied  at  Comet,  a 
weekly  mail  service  is  furnished  by  the  Post-Office  Department. 

PKYSIOAI.  FXATTTSES. 

Bemers  Bay,  which  was  named  by  Vancouver  in  1794,  is  a  broad 
and  deep  indentation  from  Lynn  Canal,  in  latitude  58°  42'  north  and 
longitude  135"  west,  and  hes  between  Point  St.  Mary  on  the  nortli 
and  Point  Bridget  on  the  south.  The  head  of  the  bay  is  marked  by 
extensive  tidal  flats  formed  by  the  distributaries  of  Bemers  River, 
which  enter  from  the  north,  and  by  other  large  streams  of  glacial 
origin,  which  enter  from  the  east  and  northeast.    Harbors  are  not 
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common  in  the  bay,  but  a  bight  known  locally  as  the  Jualin  cove 
affords  safe  anchorage  for  large  craft. 

Lynn  Canal,  or  Lynn  Channel,  as  it  was  named  by  Vancouver, 
flanks  the  region  on  the  west.  Although  deep  water  can  be  found 
near  shore,  there  are  no  harbors  affording  protection  from  storms. 
Lynn  Canal  is  a  magnificent  fiord,  6  miles  wide  here,  and  is  the  high- 
way of  all  commerce  entering  Alaska  and  the  Yukon  by  way  of 
Skagway. 

The  Bemers  Bay  region  is  characterized  by  abrupt  topographic 
reUef  (PI.  I).  The  northern  part  consists  of  a  rugged  assemblage  of 
precipitous  peaks  which  rise  steeply  from  the  shore  of  Lynn  Canal 
to  heights  of  5,000  feet.  The  most  notable  of  these  form  a  group 
known  as  Lions  Head  Mountain,  whose  serrate  profile  is  said  to  show, 
when  seen  from  Chatham  Strait,  a  resemblance  to  a  couchant  lion. 
Toward  the  south  the  altitudes  become  lower  and  the  profiles  of  the 
mountains  become  smoother  and  rounder,  until  near  the  tip  of  the 
peninsula  the  low  hills  scarcely  attain  an  altitude  of  500  feet. 

The  streams  on  the  peninsula  are  short,  but  on  account  of  the  heavy 
rainfall  they  carry  relatively  large  volumes  of  water.  Johnson  and 
Sherman  creeks  are  the  largest,  and  they  are  also  the  most  important 
because  of  the  fact  that  most  of  the  properties  are  located  in  their 
drainage  areas. 

Johnson  Creek  heads  in  an  amphitheater  of  ideal  symmetry  lying 
under  the  shadow  of  Uons  Head  Mountain  and  flows  southeastward 
through  a  U-shaped  valley,  emptying  into  Bemers  River  near  the  head 
of  the  tidal  flats  of  the  bay.  Its  total  length  is  only  4  miles.  The 
lower  course  is  broken  by  a  waterfall  75  feet  high  and  affords  a  favor- 
able site  for  the  development  of  hydroelectric  power. 

Sherman  Creek  is  a  short  stream  heading  opposite  Johnson  Creek 
and  flows  northwestward  into  Lynn  Canal.  It  is  fed  by  numerous 
small  tributaries  cascading  from  the  high  mountains  that  flank  the 
stream  on  its  north  side.  Below  an  altitude  of  500  feet  Sherman 
Creek  is  intrenched  in  a  narrow  gorge. 

CUMATE  AND  VEGETATION. 

No  climatologic  data  concerning  the  Bemers  Bay  region  are  avail- 
able, but  the  records  for  Juneau  and  Skagway  will  serve  to  give  a 
general  idea  of  the  climatic  conditions.  As  shown  by  the  subjoined 
table,  which  was  furnished  by  the  courtesy  of  the  Weather  Bureau, 
the  total  precipitation  is  considerably  less  at  Skagway  than  at  Juneau. 
Although  Berners  Bay  is  approximately  midway  between  these  two 
cities,  the  climatic  conditions  seem  to  be  closely  similar  to  those 
obtaining  at  Juneau. 
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Climatologic  data  for  Juneau  and  Shagway,  Alaska, 
Mean  wilinmii  t«mp«rmtiir«. 


SUUon. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

55.6 
56.5 

Oct. 

Nov. 

Dec. 

Annual. 

Juneau 

32.9 
24.9 

34.3 

27.6 

30.8 
35.8 

47.6 
47.9 

55.9 
60.7 

62.7 
66.7 

64.6 
68.5 

61.4 
64.1 

48.3 
46.1 

40.5 
36.7 

35.9 
31.3 

48  3 

Skasway 

47  2 

Mean  ilalmBin  temperatiire. 


Juneau.. 
Skagway. 


24.2 
15.0 

24.2 
18.1 

28.7 
22.2 

34.8 
32.4 

40.8 
39.2 

46.3 
46.3 

49.6 
48.2 

48.2 
47.3 

44.0 
42.0 

38.1 
35.8 

30.3 
28.5 

27.2 
23.3 

36.4 
33.3 


Meaa  temparatiir*. 


Juneau.. 
Skagway. 


28.5 
20.5 


29.3 
22.9 


34.3 
29.0 


41.2 
40.1 


48.4' 
49.9: 


54.5 
56.5 


57.4 

58.7 


54.8 
55.7 


49.8 
49.3 


43.2 
40.9 


35.5 
32.61 


31.9 
27.3 


42.4 
40.3 


Mailiiivai  t«mp«ratiire. 


Juneau.. 
Ska^way. 


50 
47 


51 
40 


61 
63 


63 
62 


80 
94 


84 
90 


88 
92 


82 

89 


74 
76 


68 
63 


60 
66 


60 

67 


88 
94 


Juneau.. 
Skagway. 


MtBtimim  tamparatiira. 


-10 

-4 

-  5 

13 

24 

31 

38 

36 

31 

20 

-  1 

1 

-21 

-9 

-10 

9 

25 

33 

37 

31 

26 

12 

4 

-4 

-10 
-21 


Juneau.. 
Skagway. 


Juneau... 
Skagway. 


Mean  piadpltatlon  (Inehaa). 


7.87 
1.20 


4.76 
1.43 


4.86 
.56 


5.58 
1.78 


5.40     3.97 
.68       .90 


4.53 


7.08 


1.13     1.45 


11.16 
2.66 


10.14 
4.76 


&54 


7.24 


3.50    2.76 


81.12 
22.80 


Mean  nowfall  (inehM). 


32.9 

23.1 

11.7 

4.8 

0 

0 

0 

0 

0 

1.3 

6.6 

30.1 

11.0 

3.6 

1.2 

.9 

0 

« 

0 

0 

0 

2.8 

ia4 

12.2 

110.5 
42.1 


Afamga  number  of  dayi  with  piadpltatloB. 


Jnmwu . . 

17 
6 

12 

4 

14 

4 

18 
7 

16 

4 

13 
5 

14 
5 

17 
7 

20 
10 

21 
14 

10 
10 

10 
9 

200 

Skacway 

85 

Period  of  climatologic  records ,  Alaska  stations. 
Juneau:  Years. 

1890-1891 2 

189^1908 10 


Total. 
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Skagway:  189^1908  (record  missing  from  September,  1900,  to  April,  1902) 8 

The  region  is  well  forested  with  spruce  and  hemlock.  The  timber 
line  (the  limit  of  erect  tree  growth)  reaches  2,500  feet  above  sea 
level  along  Lynn  Canal,  but  stands  several  hundred  feet  lower  on 
the  mountains  flanking  Bemers  River  on  the  west.     In  most  places 
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a  growth  of  low  contorted  forest  extends  a  few  hundred  feet  above 
timber  line.  As  a  rule,  the  timber  f onns  open  stands,  and  the  largest 
and  finest  trees,  many  of  which  attain  a  diameter  of  several  feet, 
are  found  in  the  alluvial  bottoms  bordering  Bemers  River.  The 
imdergrowth  is  rank  and  luxuriant  and  in  many  places  forms  impene- 
trable thickets.  Alder  and  devil's  club  are  particularly  common, 
but  many  other  kinds  of  shrubby  growth  occur. 

GliACIATION. 

A  few  small  glaciers  are  left  in  the  region  and  their  distribution 
is  indicated  on  the  map  (PL  I).  On  the  Lynn  Canal  side  they  have 
nearly  disappeared,  lying  only  in  the  amphitheaters  at  the  heads 
of  the  high  hanging  valleys.  On  the  Bemers  River  side  they  are 
much  larger  and  descend  considerably  farther  from  the  gathering 
grounds — a  difference  that  seems  to  be  due  to  the  diminished  insola- 
tion on  the  north  side  of  the  range. 

The  only  moraine  in  the  region  is  found  at  3,300  feet  elevation 
in  the  cirque  above  the  Ivai^oe  mine.  It  consists  of  blocks  of 
amygdaloid,  and  is  20  or  30  feet  high,  but  the  glacier  which  deposited 
it  has  retreated  from  it,  so  that  il  is  no  longer  in  process  of 
accumulation. 

During  the  recent  geologic  past  great  ice  streams  flowed  down 
the  troughs  of  Lynn  Canal  and  Bemers  River  and  covered  the  larger 
part  of  the  region  under  ice.  Along  Lynn  Canal  diorite  erratics 
up  to  6  feet  in  diameter  w^ere  found  east  of  Point  Sherman  at  an 
altitude  of  1,000  feet,  and  evidence  of  powerful  glacial  abrasion 
-occurs  up  to  2,550  feet  above  sea  level.  Along  Bemers  River 
roche  moutonn^e  surfaces  persist  up  to  2,500  feet. 

In  general,  evidence  is  abundant  as  to  the  former  glacial  occupa- 
tion of  the  region,  but  observations  bearing  on  the  maximum  thick- 
ness of  the  trunk  glacier  that  formerly  occupied  Lynn  Canal  are 
not  so  readily  obtained.  The  data  at  hand  indicate  that  the  mini- 
mum tliickness,  measured  from  present  sea  level,  w^as  2,600  feet; 
from  data  procured  south  of  Bemers  Bay,  3,400  feet  appears  to  be  a 
maximum  measure  of  the  thickness  of  the  former  ice  mass. 

OUTLINE  OF  GEOLOGY  AND  ORE  DEPOSITS. 

The  sedimentary  rocks  of  the  Berners  Bay  area  consist  of  an 
interstratified  series  of  slates  and  graywackes,  named  the  Bemera 
formation  because  it  is  well  exposed  across  the  strike  on  both  shores 
of  Berners  Bay.  The  formation  occupies  the  larger  part  of  the 
area  and  lies  between  the  high  mountains  and  Lynn  Canal.  The 
strata  have  been  intensely  folded,  but  as  a  rule  strike  northwest 
and  southeast  and  dip  steeply  northeast.     Fossil  plants,  consisting 
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chiefly  of  ferns,  were  found  in  the  rocks  on  the  east  side  of  Berners 
Bay  and  indicate  that  the  formation  is  of  Jurassic  or  Lower  Cpe- 
taceous  age. 

A  belt  of  much  altered  basic  lavas,  which  forms  Lions  Head  Moun- 
tain and  the  high  peaks  north  of  Independence  Creek,  extends 
northwestward  from  Berners  River  to  Lynn  Canal.  The  ancient 
volcanic  rocks  are  conmionly  amygdaloidal  and  contain  numerous 
amygdules  of  epidote.  During  the  time  that  has  elapsed  since  the 
lavas  were  erupted  they  have  undergone  many  vicissitudes;  some 
which  originally  were  diabase  porphyries  now  resemble  fine  granular- 
diorites,  owing  to  the  fact  that  the  pyrogenic  augite  has  been  con- 
verted to  fibrous  hornblende;  others  have  been  rendered  partly 
schistose,  forming  hornblende  schists,  and  subsequently  they  have 
been  recrystallized  around  the  borders  of  an  intrusive  mass  of  diorite. 
In  consequence  of  the  various  kinds  of  metamorphism  to  which 
they  have  been  subjected  their  originally  volcanic  character  is  in 
many  places  highly  obscure. 

Some  felsitic  or  rhyolitic  dikes  and  sills  occur  with  the  amygda- 
loids,  in  places  cutting  across  the  bedding  and  in  places  lying  between 
the  volcanic  sheets.  They  are  light-colored  rocks  of  dense,  fiintlike 
texture,  and  weather  white  on  exposed  surfaces.  They  range  in 
thickness  from  a  few  feet  to  about  100  feet. 

The  northeastern  part  of  the  region  is  underlain  by  quartz  diorite 
gneiss,  a  part  of  the  granitoid  core  making  up  the  axial  mass  of 
the  Coast  Range.  On  the  west  side  of  Berners  Bay  the  gneiss  lies 
in  contact  with  the  amygdaloids;  on  the  east  side  it  intrudes  the 
rocks  of  the  Berners  formation.  At  some  time  after  its  intrusion 
the  quartz  diorite  was  rendered  coarsely  schistose  by  the  action  of 
powerful  stresses,  as  is  shown  by  the  partly  crushed  character  of  its 
component  minerals  when  viewed  under  the  microscope. 

A  mass  of  diorite,  named  the  Jualin  diorite  because  it  is  well 
displayed  at  the  Jualin  mine,  occupies  the  basin  of  Johnson  Creek 
and  the  upper  portion  of  that  of  Sherman  Creek.  It  is  a  grayish 
rock,  composed  essentially  of  plagioclase  feldspar,  hornblende,  and 
biotite,  and  ranges  in  texture  from  rather  fine  granular  to  coarse 
granular.  A  small  area  of  heavy  black  rock  composed  mainly  of 
hornblende — a  coarse  homblendite — is  associated  with  this  variety 
of  diorite  near  Berners  River. 

The  Jualin  diorite  is  undoubtedly  of  younger  age  than  the  quartz 
diorite  gneiss  and  has  escaped  the  widespread  crushing  to  which  the 
older  rock  was  subjected.  It  is  intrusive  into  the  slates  and  gray- 
wackes  of  the  Berners  formation  and  into  the  series  of  basic  amyg- 
daloids. It  has  produced  some  contact  alteration  of  the  sedimentary 
rocks,  but  has  effected  more  profound  changes  in  the  volcanic  rocks, 
so  that  their  original  characteristics  are  locally  obliterated. 
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The  general  geologic  history  of  southeastern  Alaska  suggests  that 
the  irruption  of  the  quartz  diorite  and  the  Jualin  diorite  took  place 
during  one  broad  epoch  of  intrusion,  which  so  far  as  now  known 
extended  through  the  greater  part  of  the  Jurassic  period.  At  Bemers 
Bay  powerful  deformational  forces  have  been  operative  between 
successive  intrusions. 

The  Jualin  diorite  is  the  most  important  rock  in  the  region  from  an 
economic  point  of  view.  The  main  ore  bodies,  in  both  point  of  size 
and  of  content,  lie  within  the  area  underlain  by  it. 

The  ore  bodies  are  auriferous  deposits,  of  which  the  larger  number 
are  either  well-defined  fissure  veins  or  irregular  stockwork  deposits. 
The  fissure  veins  range  up  to  15  feet  in  thickness,  but  the  average 
vein  is  5  feet  thick;  the  stockworks  range  up  to  80  feet  in  thickness. 
The  mineralogy  of  the  ores  is  exceedingly  simple;  the  gangue  material 
is  quartz  with  subordinate  calcite,  and  the  principal  metaUic  sulphide 
is  pyrite  with  which  are  minor  amounts  of  chalcopyrite,  galena,  and 
sphalerite.     Gold  is  rarely  seen. 

The  wall  rock  of  the  ore  bodies  has  been  affected  by  a  locally  intense 
hydrothermal  metamorphism,  the  characteristic  feature  of  which  is 
the  production  of  albite,  especially  in  the  small  veinlets  that  penetrate 
the  altered  wall  rock.  This  metamorphism  is  similar  to  that  in  the 
Juneau  region,  notably  like  that  which  has  transformed  the  Tread- 
well  albite-diorite  dike  into  an  auriferous  lode.  The  ore  bodies  are 
therefore  of  deep-seated  origin,  and  a  magmatic  source  for  the  vein- 
forming  solutions  is  regarded  as  probable.  General  considerations 
indicate  that  the  deposits  are  likely  to  extend  downward  to  the  limits 
of  profitable  mining. 

During  the  recent  geologic  past  the  region  was  affected  by  a  power- 
ful glacial  erosion,  so  that  the  ores  now  exposed  at  the  surface  are  of 
primary  origin. 

GENERAL    GEOLOGY. 

BEBNEBS  FOBKATION  (JTTBASSIC-CBETAPEOTJS). 

OENEBAL   CHARACTEB   AND   DISTRIBUTION. 

A  sedimentary  formation  consisting  predominantly  of  slates  and 
graywackes  occupies  the  largest  part  of  the  Bemers  Bay  area.  Some 
basaltic  greenstones  and  quartz  porphyry  schists  are  associated  with 
it,  but  are  of  smaU  importance.  The  slates  comprise  in  the  main 
highly  cleaved  black  clay  slates,  but  include  some  of  green  and  to  a  less 
extent  some  of  red  color.  The  graywackes  are  intimately  interstrati- 
fied  with  the  slates  in  beds  ranging  from  a  few  inches  to  8  feet  or  more 
in  thickness,  and  are  commonly  of  a  gray  or  greenish-gray  color. 
They  are  roughly  schistose  and  in  the  thicker  beds  nearly  massive. 

In  places  the  graywackes  constitute  the  bulk  of  the  formation  and 
comprise  a  thick  succession  of  heavy  beds  separated  only  by  thin  beds 
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of  slate.     This  massive  development  of  graywacke  is  particularly 
well  shown  toward  the  south  end  of  the  peninsula. 

The  general  strike  of  the  rocks  is  northwest  and  southeast,  and  the 
dip  is  steep  to  the  northeast,  averaging  70°.  LocaUy  high  dips  to  the 
southwest  occur.* 

The  rocks  of  this  formation  are  splendidly  displayed  along  the  west 
shore  of  Bemers  Bay  and  along  Lynn  Canal  from  Point  St.  Mary  to 
the  mouth  of  Independence  Creek.  Topographically  they  form  the 
lower-lying  parts  of  the  region,  and  the  boundary  between  the  sedi- 
mentary slate  and  graywacke  formation  and  the  igneous  rocks  also 
separates  the  area  of  the  bold  craggy  peaks  from  the  lesser  moun- 
tains and  hills  that  make  up  the  southern  part  of  the  peninsula. 

The  formation  is  also  finely  exposed  on  the  east  shore  of  Bemers 
Bay,  where  it  includes,  however,  an  important  series  of  augite  mela- 
phyres"  and  related  pyroclastic  rocks.  The  volcanic  member  attains 
its  main  development  as  a  narrow  belt  fringing  the  shore  of  Lynn 
Canal  from  Auke  Bay  to  Point  Bridget  on  the  east  side  of  Bemers  iSay. 
The  nonappearance  of  this  belt  on  the  west  side  of  Berners  Bay  is 
probably  due  to  the  fact  that  the  strike  carries  it  to  the  west  of  Point 
St.  Mary. 

On  account  of  the  thick  carpet  of  moss  that  is  everywhere  prevalent 
belovr  timber  line  the  sedimentary  rocks  are  poorly  exposed  inland^ 
and  the  internal  structure  of  the  formation  can  not  be  unraveled. 
In  the  shore  cliffs,  however,  it  can  be  seen  that  the  rocks  have  been 
profoundly  folded  and  closely  compressed,  and  that  the  axes  of  fold- 
ing have  also  been  acutely  folded,  and  that  in  places  they  pitch  verti- 
cally. In  consequence  of  this  severe  folding  of  the  axes  it  happens 
that  at  many  places' closely  adjacent  strata  show  an  angular  discord- 
ance of  strikes.  Ordinarily  this  would  be  taken  to  indicate  faults  of 
some  magnitude,  but  along  the  beach,  where  the  geologic  relations  are 
perfectly  exposed,  it  can  be  seen  that  this  feature  is  due  to  the  vertical 
attitude  of  nearly  appressed  folds. 

Subsequent  to  the  complex  folding  of  the  rocks  a  cleavage  was 
induced  in  them,  which  commonly  coincides  with,  the  stratification 
and  trends  N.  45®  W.  (true).  In  places,  such  as  in  the  arches  of  those 
folds  which  are  standing  on  edge,  the  cleavage  is  conspicuously 
across  the  bedding.  The  cleavage,  therefore,  rather  than  the  strati- 
fication, is  the  most  constant  structural  feature  of  the  formation. 

An  enormous  amount  of  quartz  veining  in  the  form  of  stringers 
following  the  foliation  of  the  rocks  has  affected  the  slates  and  gray- 
wackes,  but  the  amount  of  pyritic  mineraUzation  of  these  veinlets 
is  nearly  insignificant. 

•  This  term  is  oseU  in  a  purely  descriptive  sense,  as  advocated  by  Plrssou  in  "  Rocks  and  rock  minerals.'* 
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PETROGRAPHY. 

The  grajTwackes  typical  of  the  region  consist  of  gray  or  greenish- 
gray  rocks  in  which  none  of  the  mineral  constituents  are  discrimi- 
nable  by  the  eye.  Some,  however,  contain  innumerable  small  frag- 
ments of  black  slate,  and  isolated  beds  are  found  that  contain  angular 
fragments  of  slate  several  inches  long.  A  more  or  less  thorough 
schistosity  has  been  impressed  upon  the  graywackes,  the  perfection 
of  which  increases  as  a  rule  with  the  .thinness  of  the  beds  and  the 
fineness  of  grain  of  the  component  materials.  Some  of  the  more  highly 
foliated  varieties  can  not  be  distinguished  by  the  eye  from  sheared 
igneous  rocks. 

Under  the  microscope  the  graywackes  are  found  to  consist  largely 
of  altered  fragments  of  plagioclase,  some  of  which  is  referable  to 
AbyAn,,  embedded  in  an  argillaceous  matrix  which  is  somewhat 
chloritic.  The  entire  absence  of  quartz  in  typical  graywackes  taken 
from  several  localities — the  mouth  of  Independence  Creek,  Jualin 
Cove,  and  others — is  rather  remarkable.  Many  of  the  feldspar 
fragments  are  partly  bounded  by  crystaUographic  outlines  and  show 
rounded  comers;  others  are  highly  angular.  Fragments  of  andesitic 
rock  and  slivers  of  slate  and  possibly  other  sedimentary  rock  are  of 
occasional  occurrence.  Numerous  h*agments  of  augite  are  present 
in  the  rock  from  Jualin  Cove,  and  in  the  graywackes  on  the  east  side 
of  Bemers  Bay  this  mineral,  or  what  appears  to  be  its  metamorphic 
equivalent,  fibrous  hornblende,  occurs  in  quantities  appreciable  to 
the  eye.  Other  minerals  found  in  subordinate  amounts  are  calcite, 
epidote,  hornblende,  pyrite,  magnetite,  and  apatite.  In  certain  beds, 
however,  calcite  becomes  an  important  constituent. 

The  slates  require  no  particular  description.  Black  or  bluish-black 
clay  slates  predominate.  Locally,  as  in  the  gorge  of  Sherman  Creek, 
they  are  characterized  by  a  brilUant  black  luster  due  to  the  presence 
of  finely  disseminated  graphite.  Slates  of  green  color  are  found  in 
small  amounts  at  many  places  throughout  the  region,  and  are 
particularly  well  exposed  on  both  sides  of  Bemers  Bay.  They  are 
more  massive  and  less  fissile  than  the  black  slates. 

A  rock  of  somewhat  marked  individuality  belonging  to  the  class 
of  gra5rwacke  slates  has  a  scanty  distribution  in  the  Berners  Bay 
region  but  becomes  increasingly  prominent  as  a  member  of  this 
formation  in  its  extension  to  the  southeast,  and  therefore  deserves 
mention  here.  In  its  general  aspect  this  rock  resembles  a  black  clay 
slate,  but  differs  from  that  in  containing  numerous  small  augen  of 
quartz  and  of  a  black  glassy  cleavable  mineral,  the  presence  of  the 
augen  producing  a  porphyritic  effect.  In  tliin  section  the  black 
glassy  mineral  proves  to  be  a  feldspar  whose  color  is  due  to  the  infil- 
tration of  carbonaceous  material.    The  quartz  is  seen  to  show  strong 
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undulatory  extinction.  These  two  constituents  rest  in  a  thoroughly 
schistose  matrix  of  chlorite,  quartz,  and  carbonaceous  matter, 
throughout  which  is  scattered  a  small  amoimt  of  accessory  pyrite. 

AGE   AND   CORRELATION. 

This  formation  was  regarded  by  Spencer  as  the  northwestern 
extension  of  the  slate-greenstone  band  of  the  Juneau  region,  and  on 
accoimt  of  the  presence  of  fossils  foimd  in  intercalated  limestones 
at  Taku  Harbor,  which  is  25  miles  southeast  of  Jimeau,  was  believed 
to  be  of  Carboniferous  age. 

Some  fossil  plants  were  collected  during  the  present  investigation 
from  the  east  side  of  Bemers  Bay  just  north  of  Sawmill  Cove.  The 
rocks  here  consist  of  an  interdigitating  series  of  thick  lenses  of  gray- 
wacke  and  argillite  standing* on  edge.  The  graywackes  show  cross- 
bedding  and  the  argillites  are  ripple  marked.  The  argillaceous  rocks 
are  as  a  rule  too  higlily  cleaved  to  have  retained  the  imprints  of  leaves, 
which  are  now  commonly  represented  by  graphitized  flakes.  Leaf- 
bearing  beds  seem  to  be  scarce,  and  the  best  fossils  collected  were 
obtained  from  a  rouglily  schistose  argillite  which  was  gashed  by 
quartz  veinlets.  F.  H.  Knowlton,  of  the  United  States  Geological 
Survey,  reports  on  the  plants  as  follows: 

This  material  is  very  difficult  to  study,  for  practically  all  traces  of  nervation  are 
absent  and  dependence  must  be  placed  on  outline,  which  has  obviously  been  more 
or  less  modified  by  pressure.  With  these  limitations  in  mind,  I  think  I  have  been 
able  to  demonstrate  the  presence  of  Tarn  iopteris^  Asplenium  or  Dicksonia^  Thinnfeldia{?) 
and  possibly  another  fern  something  like  Dryopteris. 

The  choice  appears  to  lie  between  Jurassic  and  Lower  Cretaceous,  and  if  what  has 
been  supposed  to  be  Taeniopteris  is  really  such  the  odds  favor  the  former.  I  have 
not  found  anything  that  can  be  identified  as  a  dicotyledon,  which  also  is  favorable 
to  the  probability  of  its  being  Jurassic.  Although  the  evidence  as  adduced  is  not 
very  strong  and  the  identifications  are  tentative,  it  seems  most  probable  that  they 
are  of  Jurassic  age. 

According  to  this  determination  the  rocks  of  the  Bemers  Bay 
region  are  to  be  correlated  in  an  approximate  way  with  the  AuceUon 
bearing  terrane  found  by  C.  W.  Wright  on  Admiralty  Island." 
This  is  regarded  as  of  Lower  Cretaceous  or  possibly  Upper  Jurassic 
age.  The  lithology  is  described  as  including  conglomerates,  gray- 
wackes, and  slates.  The  Admiralty  Island  rocks  were  probably  laid 
down  subsequent  to  the  intrusion  of  the  Coast  Range  diorites,  though 
tliis  is  a  moot  point  in  the  geology  of  southeastern  Alaska ;  the  rocks 
of  the  Bemers  Bay  region  are  predioritic.  The  invasion  of  the  prov- 
ince by  the  plutonic  masses  of  the  Coast  Range  is  the  most  important 
event  in  the  geologic  history  of  the  region,  and  the  determination  of 
the  exact  stratigraphic  relations  existing  between  these  two  terranes 
is  therefore  a  problem  of  prime  importance. 

a  Bull.  U.  S.  Geol.  Survey  No.  287, 1906,  p.  144. 

67811*'— Bull.  446—11 2 
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DIKES. 

Under  this  heading  are  described  various  minor  bodies  of  igneous 
rock  of  widely  diverse  characters  that  occur  within  the  area  of  the 
slates  and  graywackes.  The  diorite  porphyry  dikes  that  are  found 
as  offshoots  from  the  main  mass  of  the  Jualin  diorite  are  not  discussed 
here. 

In  a  prospect  trench  dug  in  the  boss  in  the  lower  part  of  the  valley 
of  Johnson  Creek  is  exposed  a  quartz  porphyry  scliist.  The  relation 
to  any  incasing  rocks  is  effectually  concealed  under  a  growth  of 
moss.  The  quartz  porphyry  schist  is  a  thorougldy  foliated  rock  of 
light-greenish  color  and  of  oily  appearance.  On  joint  age  sur- 
faces cutting  across  the  schistosity  can  be  seen  niunerous  quartzes, 
more  or  less  boimded  by  crystal  faces,  resting  in  a  dense  matrix. 
Rocks  of  tills  character  were  not  observed  elsewhere  in  the  region, 
nor  have  they  been  previously  noted  in  the  Juneau  gold  belt.  Under 
the  microscope  some  of  the  quartz  phenocrysts  prove  to  be  character- 
istically embayed,  and  this  feature  affords  a  most  convincing  criterion 
of  the  originally  igneous  character  of  the  rock.  Feldspar  phenocrysts 
occur  but  are  obscure;  epidote  pseudomorphs,  apparently  after  horn- 
blende, are  foimd.  These  constituents  are  embedded  in  a  highly 
schistose  matrix  of  sericite  and  quartz.  Titanite  in  typical  wedge 
forms  is  a  fairly  abimdant  accessory,  and  apatite,  in  unbroken  prisms 
where  lying  in  the  lee  of  phenocrysts,  is  of  sporadic  occurrence  and 
is  especially  common  in  the  epidote  pseudomorphs.  Calcite,  pyrite, 
and  tourmaline  are  present  in  small  amounts. 

Some  thin  dikes  of  lamprophyric  character  are  occasionally  found. 
Two  were  noted  injected  paraUel  to  the  stratification  along  the  shore 
of  Lynn  Canal  near  the  mouth  of  Independence  Creek.  They  are 
dark,  heavy  rocks,  rudely  schistose,  and  the  dikes  show  dense  chilled 
borders.  Numerous  crystals  of  augite  constitute  the  sole  pheno- 
crystic  constituent;  abundant  idiomorphic  augite,  though  the  indi- 
vidual crystals  are  not  of  uniform  size,  occurs  in  the  grouudmass. 
Some  laths  of  highly  pleochroic  biotite  and  a  little  brown  idiomorphic 
hornblende  appear  also,  and  labradorite  forms  an  interstitial  filling. 
Magnetite  Is  present  as  an  accessory,  and  calcite,  chlorite,  and  pyrite 
are  secondary  minerals. 

On  the  east  side  of  Berners  Bay  one  of  these  lamprophyric  dikes 
was  noted  which  seemingly  consists  mainly  of  pyroxene  phenocrysts. 
Under  the  microscope,  however,  it  w^as  found  that  the  pyroxene  had 
been  completely  transformed  into  fibrous  amphihole,  typical  jn  roxene 
cross  sections  showing  pleochroism  and  characteristic  amphihole 
cleavage.  The  original  character  of  the  groundmass  is  undecij)her- 
able  from  the  new  growth  of  amphihole  and  calcite. 

North  of  the  Portland  mill  on  the  shore  of  Lynn  Canal  a  dike  of 
diorite  J)orp]iyry  50  feet  thick  is  well  exposed.     This  rock  is  rendered 
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highly  porphyritic  by  the  presence  of  numerous  prisms  of  hornblende, 
ranging  in  length  from  1  inch  down;  no  other  phenocrysts  are  present. 
The  matrix  is  gray  in  color  and  aphanitic  in  texture;  microscopically 
it  proves  to  consist  mainly  of  much  altered  plagioclase. 

BASIC  VOLCANIC  BOCKS. 
GENERAL   CHARACTER   AND  DISTRIBUTION. 

A  series  of  ancient  lavas,  mainly  of  basaltic  character,  form  a  belt 
trending  northwestward  from  Berners  River  to  Lynn  Canal.  These 
old  volcanic  rocks  make  up  the  mountainous  mass  known  as  the  Lions 
Head  and  form  the  precipitous  peaks  flanking  Lynn  Canal  north  of 
Independence  Creek.  Brown,  red,  greenish-blue,  and  other  dark 
hues  are  the  prevailing  colors.  As  a-  rule  the  rocks  are  conspicuously 
spotted  with  yellowish-green  amygdules  of  epidote,  and  as  this  is  in 
places  their  most  prominent  feature  they  may  conveniently  be  called 
epidotic  amygdaloids.  Sporadically  the  amygdules  carry  a  small 
amount  of  chalcopyrite. 

This  volcanic  series  consists  almost  wholly  of  a  superposed  succes- 
sion of  lava  flows.  Litercalated  sheets  of  breccia  were  observed  at 
only  one  locality.  The  bedded  character  is  commonly  obscure,  but 
occasionally  sheets  differing  in  color  and  texture  can  be  found  in 
juxtaposition.  These  contacts  may  in  places  be  rendered  conspicuous 
by  the  liighly  amygdaloidal  character  of  the  marginal  portion  of  one 
or  the  other  of  the  lava  sheets.  In  such  places  the  structure  can  be 
determined,  and  where  thus  measured  it  is  found  to  strike  northwest 
and  southeast  and  to  dip  70°  N.,  coinciding  therefore  with  the  general 
structural  trend  of  the  region. 

In  places  the  rocks  exhibit  a  rough  schistosity,  which  is  best  de- 
veloped near  the  quartz  diorite  gneiss  bordering  them  on  the  north- 
east. There  they  approach  hornblende  schists  in  structure  and  com- 
position.    The  schistosity  coincides  in  direction  with  the  bedding. 

PETROGRAPHY. 

Some  variation  in  the  appearance  of  the  basalts  is  noticeable  from 
place  to  place,  but  on  the  whole  the  differences  are  mainly  due  to 
the  different  kinds  of  metamorphism  to  which  the  various  rocks 
have  been  subjected. 

The  basalts  so  well  exposed  along  Lynn  Canal  north  of  Independ- 
ence Creek  are  dark  greenish-gray  rocks,  nonporphyritic  and  fine 
textured.  They  are  highly  amygdaloidal,  epidote  being  most  com- 
monly distinguishable  as  the  filling  of  the  vesicles,  and  quartz  more 
rarely.  Microscopically  they  prove  to  be  plagioclase-augite  rocks  of 
doleritic  texture.  Little  or  none  of  the  augite  has  escaped  altera- 
tion to  epidote  and  chlorite,  and  the  numerous  amygdules  that  occur 
throughout  the  rock  are  filled  with  the  same  minerals. 
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Rock  taken  above  the  Ivanhoe  mine  at  an  altitude  of  3,100  feet 
is  coarser  textured  and,  on  account  of  the  abundance  of  ferromag- 
nesian  mineral  in  it,  resembles  a  dark-colored  fine-granular  diorite. 
It  contains  scattered  amygdules  of  epidote.  Under  the  microscope 
large  sporadic  phenocrysts  of  plagioclase  are  found  to  lie  embedded 
in  a  coarse  ophitic  matrix,  but  instead  of  augite  brown  amphibole 
appears.  Tliis  amphibole  occurs  also  in  tufts  and  irregular  aggre- 
gates of  fibers  in  the  feldspars,  and  the  ends  of  the  large  hornblendes 
fray  out  in  bundles  of  diverging  prisms.  Granular  epidote  is  com- 
monly associated  with  the  amphibole.  These  features  clearly  indi- 
cate the  derivative  origin  of  the  amphibole  and  show  that  the  rock 
was  originally  a  vesicular  diabase  porphyry. 

Rocks  of  this  character  are  fhe  prevalent  variety  in  the  region. 
Toward  the  northeast,  as  already  stated,  they  take  on  a  schistose 
structure,  and  the  microscopic  diagnosis  is  as  a  rule  insufficient  to 
establish  their  volcanic  character.  The  field  evidence,  however,  is 
conclusive  on  this  point. 

Certain  rocks  from  Independence  Gulch  prove  to  be  amygdaloidal 
andesites.  They  carry  numerous  small,  rather  inconspicuous  feld- 
spar phenocrysts  in  a  groundmass  which  is  of  denser  texture  than 
that  of  the  basalts.  The  multitude  of  yellowish-green  amygdules  is 
the  most  striking  feature  of  the  rocks.  The  feldspar,  when  examined 
optically,  proves  to  be  andesine;  the  groundmass  consists  of  forked 
feldspar  microlites  embedded  in  a  decomposed  glassy  base.  The 
amygdules  are  filled  wdth  epidote  and  subordinate  chlorite. 

CONTACT-ALTERED    PHASES. 

The  amygdaloids  have  been  invaded  by  the  Jualin  diorite  and 
considerable  changes  have  been  produced  in  them  around  the  bor- 
ders of  the  intrusion.  These  changes  consist  mainly  of  a  recrystal- 
lization,  during  which  the  grain  of  the  volcanic  rock  has  become  suf 
ficiently  coarse  to  be  perceptible  to  the  eye.  The  metamorpliism  is 
most  pronounced  in  those  places  where  the  rock  is  pierced  by  dikelets, 
and  the  resulting  product  may  resemble  a  hornblende-rich  diorite. 
In  places  the  intrusive  diorite  has  caught  up  fragments  of  the  basalts 
and  has  recrystallized  and  partly  dissolved  them,  so  that  a  most 
heterogeneous  sort  of  rock  has  been  produced  which  is  of  ver}"  erratic 
composition  and  Appearance.  These  features  are  particularly  well 
shown  between  the  upper  and  lower  workings  of  the  Kensington 
mine. 

In  general  the  principal  effect  has  been  to  produce  a  rock  in  which 
hornblende  is  the  most  abundant  constituent.  The  structure  is  that 
typical  of  contact-metamorphic  rocks;  the  larger  mineral  individ- 
uals show  a  spongiform  development,  and  droplike  particles  of  one 
mineral  are  commonly  included  in  the  other.     The  fibrous,  weakly 
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pleochroic  amphibole  has  been  converted  into  a  compact,  strongly 
pleochroic  brown-green  hornblende;  the  feldspar,  which  is  com- 
monly subordinate,  is  clear,  glassy,  and  largely  unstriated,  and 
ranges  from  Ab^jAn^  to  Aboi^An^o.  Magnetite  is  relatively  abundant. 
In  some  rocks  biotite,  which  nowhere  in  the  region  is  a  pyrogenetic 
constituent  of  the  basalts,  is  developed  as  a  product  of  contact 
metamorphism. 

AGE. 

The  contact  between  the  bedded  volcanic  rocks  and  the  Berners 
formation  is  hidden  by  vegetation  and  talus  slopes,  so  that  no  infer- 
ences as  to  the  relative  ages  of  the  rocks  could  be  drawn.  Other 
lines  of  evidence  must  be  used.  An  area  of  basaltic  greenstone  of 
obscurely  amygdaloidal  character  surrounded  by  slates  and  gray- 
wackes  occurs  on  the  south  side  of  Sherman  Creek,  as  shown  on 
Plate  I.  Other  such  areas  may  possibly  be  found,  but  on  account  of 
the  poor  exposures  and  dense  vegetation  no  attempt  was  made  to 
delimit  them.  Although  the  contacts  were  not  seen,  the  amygda- 
loidal character  suggests  that  the  rock  is  an  intercalated  flow  or 
series  of  flows,  and  inasmuch  as  it  is  lithologically  similar  to  the  rocks 
of  the  volcanic  belt  of  metabasalts,  the  conclusion  seems  to  follow 
that  all  are  essentially  of  the  same  age,  probably  Jurassic.  The 
only  fact  apparently  not  in  harmony  with  this  conclusion  is  that  the 
augite  melaphyres,  which  clearly  form  an  integral  portion  of  the 
Berners  formation  on  the  east  side  of  the  bay,  are  petrographically 
different  from  the  epidotic  amygdaloids.  This  difference  may  be 
due  to  the  fact  that  these  two  volcanic  members  represent  different 
eruptive  periods  during  the  accumulation  of  tlie  sedimentary 
formation. 

INTRUSIVE    FEL81TE8. 

Some  felsitic  dikes  and  sills  were  found  associated  with  the  amyg- 
daloids. They  are  aphanitic  flintlike  rocks  weathering  white  on 
exposed  surfaces,  and  some  show  a  well-developed  flow  banding. 
Minute  quartzes  form  the  main  porphyritic  constituent,  but  as  a  rule 
are  detected  only  with  diflSculty.  Microscopically  the  rock  shows 
embayed  quartzes  and  small  sporadic  plagioclase  feldspars  resting  in 
a  cryptocrystalline  groundmass  in  which  there  is  scattered  a  little 
flaky  biotite,  some  magnetite,  and  accessory  zircon. 

The  intrusive  rocks  range  in  thickness  from  a  few  feet  to  100  feet 
and  are  massive  even  where  intercalated  between  schistose  amygda- 
loids. Similar  rocks  are  known  to  occur  in  the  vicinity  of  Skagway, 
40  miles  north  of  Berners  Bay,  where  they  are  associated  with  a  pink 
quartzose  granite  that  is  intrusive  into  quartz  diorite.®  They  are 
therefore  tentatively  considered  to  be  the  youngest  rocks  in  the 
Berners  Bay  area. 

a  InformatloQ  from  L.  M.  Prindle. 


22  THE  BEBNEBS  BAY  BEGION,  ALASKA. 

QUARTZ  DIOB.ITE  GNEISS. 
GENERAL  CHABACTEB. 

The  northern  part  of  the  Bemers  Bay  region  is  occupied  by  quartz 
diorite,  which  makes  up  the  mountains  on  both  sides  of  Bemers 
River  and  extends  as  far  as  the  eye  can  see  into  the  glacial  fastnesses 
of  the  Coast  Range.  It  is  a  rock  mass  of  uniform  character  except 
along  the  zone  bordenng  the  contact.  A  coarsely  schistose  or 
gneissic  structure  has  been  developed  in  the  quartz  diorite,  trending 
N.  40°  W.  (true)  and  dipping  steeply  to  the  northeast,  and  coincides 
thus  in  direction  with  the  cleavi^e  displayed  by  the  slates  and  gray- 
wackes.  The  quartz  diorite  gneiss  breaks  parallel  to  the  structure 
in  thick  tabular  blocks,  and  in  distant  views  presents  the  appearance 
of  a  stratified  formation.  It  maintains  its  petrographic  character 
and  gneissic  structure  for  many  miles  to  the  southeast  of  Bemers  Bay 
and  forms,  in  local  parlance,  the  hanging  wall  of  the  Juneau  gold  belt. 

PETROGRAPHY. 

The  quartz  diorite  gneiss  is  a  granitoid  rock  of  medium  to  coarse 
grained  texture,  consisting  macroscopically  of  plagioclase,  quartz, 
biotite,  hornblende,  and  sporadic  crystals  of  titanite.  The  feldspars 
range  from  3  to  5  millimeters  in  diameter.  The  foliated  structure  is 
readily  apparent  in  hand  specimens.  Under  the  microscope  the 
texture  is  seen  to  be  hypidiomorphic  granular  modified  by  cataclastic 
phenomena.  The  plagioclase  approximates  Ab«)An^,  but  the  average 
composition  of  the  feldspar  is  difficult  to  determine  accurately  on 
account  of  the  strongly  developed  zonal  banding.  On  a  section 
parallel  to  the  brachypinacoid  it  was  found  that  the  large  core  was 
Ab57An48;  this  was  succeeded  by  zones  alternately  more  sodic  and 
more  calcic,  though  all  were  more  sodic  than  the  core;  the  narrow 
zone  next  to  the  outermost,  however,  was  Ab5iAn49  and  the  broad 
outermost  zone  Ab^sAngj.  The  feldspars  are  somewhat  granulated 
peripherally.  Quartz  forms  crushed  and  elongated  areas  composed 
of  interlocking  grains  which  show  strain  shadows.  Biotite  and  horn- 
blende, sliced  and  wrapping  around  the  feldspars,  constitute  the  dark 
minerals.  Orthoclase  is  present  in  insignificant  amounts  or  is 
entirely  absent.  Titanite,  apatite,  and  magnetite  occur  as  accessory 
minerals,  and  secondary  epidote,  chlorite,  and  sericite  are  present  in 
small  amounts. 

A  typical  specimen  of  the  quartz  diorite  gneiss,  taken  at  a  distance 
of  over  a  mile  from  the  contact,  was  measured  according  to  Rosiwal's 
method,  the  traverses  being  run  across  the  structure,  in  order  to 
obtain  an  approximate  quantitative  measure  of  tlie  mineral  com- 
position. The  following  percentage  composition  by  weight  was 
obtained: 
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Mineral  composition  of  qiiartz' diorite  gneiss ^  Bemers  Bay  region,  Alaska. 

Plagiocla.se  (Ab^An^o) 51. 1 

Orthoclase 1. 0 

Quartz 25.0 

Biotite 13. 6 

Hornblende 4.8 

Titanite 1.1 

Apatite 1 

Chlorite 1.9 

Epidote 8 

Sericite 6 


100.0 


This  composition  is  closely  similar  to  that  determined  for  the 
average  Coast  Range  intrusive  rock  in  the  Ketchikan  region  "  and  is 
characterized  by  the  same  unusual  percentage  of  titanite. 

CONTACT  PHENOMENA  AND  AGE. 

The  quartz  diorite  gneiss  shows  various  modifications  along  its 
contact  with  the  rocks  that  it  has  invaded.  On  the  east  side  of 
Bemers  Bay  the  gneiss  includes  for  thousands  of  feet  from  the  contact 
vast  numbers  of  rock  fragments  and  detached  masses  of  stratified 
sediments,  which  show  a  crumpling  in  conformity  with  the  structure 
of  the  rock  inclosing  them.  These  inclusions  were  highly  meta- 
morphosed— a  fact  of  which  muscovite,  on  account  of  its  absence  in 
the  truly  igneous  rock,  is  the  most  notable  token — and  were  partly 
dissolved,  so  that  it  is  in  places  impossible  to  distinguish  between 
original  diorite  and  altered  sedimentary  rock.  Near  the  main  con- 
tact the  gneiss  becomes  finer  textured  and  deficient  in  femic  minerals. 
At  other  points,  however,  the  gneiss  becomes  richer  in  biotite  at 
the  contact,  and  in  consequence  takes  on  a  more  thoroughly  foUated 
structure  than  ordinarily  prevails  throughout  the  main  mass.  A 
peculiar-looking  rock  results,  which  consists  of  numerous  augen  of 
feldspar  embedded  in  a  foUated  groundmass  of  biotite  and  horn- 
blende. Under  the  microscope  the  feldspars  prove  to  be  AbiAn^; 
the  augen  eflFect  is  seen  to  be  due  to  the  fact  that  comers  of  the 
feldspars  have  been  roimded  off  by  peripheral  granulation.  Biotite 
and  hornblende,  both  sHced,  envelop  the  feldspars.  Titanite  (much 
of  which  is  cmshed  and  dispersed),  apatite,  and  magnetite  occur  as 
accessory  minerals.  The  basic  character  of  this  marginal  phase  is 
therefore  expressed  by  the  greater  prevalence  of  femic  minerals, 
by  the  more  calcic  composition  of  the  feldspar,  and  by  the  absence  of 
quartz.  This  phase  of  the  gneiss  does  not  occur  along  the  contact 
with  the  sedimentary  rocks,  but  only  in  places  along  the  amygdaloids. 

a  Wright,  F.  E.  and  C.  W.,  Dull.  U.  8.  Ueol.  Survey  No.  347,  1906,  p.  G4. 
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The  contact  relations  clearly  prove  the  intrusive  nature  of  the 
quartz  diorite  gneiss.  The  age  indicated  is  therefore  post-Jurassic 
or  post  Lower  Cretaceous.  The  quartz  diorite  gneiss  of  the  Bemers 
Bay  regio?^  is  part  of  the  composite  batholith  of  granitoid  rocks  that 
form  the  core  of  the  Coast  Range.  Spencer  showed  that  in  the 
Juneau  region  the  period  of  intrusion  was  post-Carboniferous  and 
argued  that  it  was  subsequent  to  the  deposition  of  the  Lower  Cre- 
taceous rocks  on  Admiralty  Island  and  before  the  Upper  Cretaceous 
strata  were  laid  down.**  The  Wright  brothers,  with  the  same  evidence 
before  them,  concluded  that  the  intrusions  are  of  pre-Cretaceous 
Mesozoic  age  and  continued  at  least  to  late  middle  Jurassic  time.** 
More  detailed  work  is  needed  to  fix  the  period  of  intrusion  with  a 
higher  degree  of  finality. 

JUALIN  DIORITE. 
GENERAL   CHARACTER   AND   OCCURRENCE. 

The  Judhn  diorite  is  economically  the  most  important  lithologic 
unit  in  the  region.  It  occupies  the  drainage  area  of  Johnson  Creek 
and  the  upper  part  of  that  of  Sherman  Creek,  and  most  of  the  aurifer- 
ous lodes  are  located  within  the  confines  of  this  area.  The  number 
of  lodes  is  large  compared  to  the  size  of  tlie  area,  and  the  diorite  has 
consequently  been  subjected  to  the  attack  of  vein-forming  solutions. 
Its  minerals  have  therefore  imdergone  more  or  less  alteration,  and  the 
diorite  tends  to  assume  a  greenish  color,  contrasting  in  this  respect 
with  the  fresh,  unaltered  appearance  of  the  quartz  diorite  gneiss. 
This  alteration  is  especially  noticeable  in  the  narrow  northwest  end 
of  the  diorite  area,  where  the  massing  of  ore  bodies  is  greatest. 

The  intrusion  of  the  Jualin  diorite  has  ])roduced  some*  contact- 
metamoi*pliic  alteration  of  the  slates  and  graywackes,  but  tliis  change 
is  comparatively  small  in  extent.  Perceptible  changes  up  to  several 
hundred  feet  from  the  contact  have  been  brought  about  in  the  meta- 
basalts,  as  already  described. 

Dikes  or  offshoots  from  the  main  mass  of  diorite  are  found  at 
various  places  along  the  contact.  They  differ  somewhat  in  appear- 
ance from  the  granular  diorite,  being  diorite  porphyries,  and  consist  of 
closely  packed  phenocrysts  of  plagioclase  and  some  hornblende  in  a 
dense  blue  matrix. 

PETROGRAPHY. 

The  Jualin  diorite  is  a  granular  rock,  consisting,  so  far  as  the  eye 
can  determine,  of  plagioclase  feldspar,  hornblende,  and  biotito.  It 
varies  from  place  to  place  both  in  mineral  composition  and  in  texture. 
Hornblende  is  the  most  prevalent  dark  mineral,  but  locally  biotite 

a  Bull.  U.  S.  Oeol.  Survey  No.  1W7,  19<)G,  p.  19. 
b  Bull.  U.  8.  Cleol.  Survey  No.  347,  1908,  p.  76. 
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exceeds  it  in  prominence  and  in  other  places  fails  entirely.  Tex- 
turally  the  diorite  ranges  from  finely  granular,  as  at  Jualin,  to  coarsely 
granular,  as  at  the  Kensington  mine.  As  seen  in  thin  section,  the 
diorite  displays  a  hypidiomorphic  granular  structure.  The  plagio- 
clase  feldspar  is  a  labradorite  near  Ab^Ani  in  composition  and  shows 
idiomorphic  development.  Hornblende  and  biotite  are  the  ferro- 
magnesian  minerals.  AUotriomorphic  orthoclase  and  interstitial 
quartz  are  present  in  subordinate  amounts,  although  at  certain 
locaUties,  as  at  the  Jualin  mine,  they  are  sufficiently  abundant  to 
cause  the  rock  to  approach  a  granodiorite  in  composition.  Magnetite, 
titanite,  and  apatite  occur  as  accessory  minerals.  Secondary  alter- 
ation products,  such  as  epidote,  chlorite,  calcite,  and  sericite,  are 
everywhere  prevalent. 

The  Jualin  diorite  is  as  a  rule  a  massive  rock  unaffected  by  the 
parallel  structure  exhibited  by  the  quartz  diorite  gneiss.  Locally, 
as  adjoining  certain  quartz  veins,  the  diorite  has  been  reduced  to  a 
schist,  and  at  a  number  of  localities  there  occur  what  are  locally 
designated  **  slate  dikes."  This  misnomer  is  perhaps  sufficiently 
descriptive  of  their  physical  appearance.  The  center  of  one  of  the 
** dikes'*  which  is  about  30  feet  thick  consists  of  black,  closely 
foliated  schist;  laterally  this  schist,  by  progressively  wider  spacing 
of  the  foliation  planes,  grades  into  the  undeformed  diorite  country 
rock.  The  black  schist,  when  examined  microscopically,  was  found 
to  consist  largely  of  albite  feldspar  with  considerable  flaky  biotite. 
Calcite  is  fairly  common,  and  apatite,  titanite,  and  magnetite  occur 
as  accessory  minerals. 

AGE. 

The  Jualin  diorite  is  younger  than  the  Berners  formation,  which 
it  intrudes,  and  as  it  has  escaped  the  dynamic  deformation  to  which 
the  quartz  diorite  gneiss  was  subjected,  it  is  an  intrusive  mass  of 
later  age  than  that  of  the  great  body  of  granitoid  rocks  which  form 
the  backbone  of  the*  Coast  Range  in  this  latitude.  No  evidence  is  at 
hand  to  fix  any  limit  to  the  length  of  time  elapsing  between  the  two 
periods  of  intrusion,  but  so  far  as  our  present  knowledge  of  south- 
eastern Alaska  geology  shows  the  interval  was  not  great. 

HOB.NBLENDITE. 

A  smaU  area  of  a  granular  basic  rock  strikingly  different  from  the 
Jualin  diorite  occurs  about  2  miles  north  of  the  mouth  of  Johnson 
Creek.  It  is  poorly  and  unsatisfactorily  exposed  on  account  of  the 
deep  growth  of  moss,  the  profusion  of  vegetation,  and  the  talus 
slopes  from  the  cliffs  of  Jualin  diorite,  and  its  relation  to  the  adjoin- 
ing rocks  was  not  determined.  It  may  be  either  a  basic  phase  of 
the  Jualin  diorite  or  an  independent  intrusion. 
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The  homblendite  is  a  heavy  black  rock  composed  mainly  of  horn- 
blende. Abrupt  variations  in  texture  and  composition  are  of  gen- 
eral occurrence  and  give  the  rock  a  wide  range  in  appearance.  The 
hornblende  in  places  forms  prisms  up  to  2  inches  in  length  and  is 
characterized  by  its  brilliant  cleavage  faces  and  metallic  luster  on 
cross-fractured  surfaces.  Locally  feldspar,  in  part  converted  to 
epidote,  occupies  the  triangular  interstices  between  the  hornblende 
prisms. 

THE    ORE    BODIES. 

IKTBODTrCTOB.Y   STATEMENT. 

The  ore  bodies  of  the  Bemers  Bay  region  are  gold  ore  deposits  of  low 
grade.  On  the  basis  of  form  they  may  be  classified  into  three  varie- 
ties— (1)  fissure  veins,  (2)  stockworks  or  irregular  masses  of  diorite 
ramified  by  quartz  veinlets,  and  (3)  stringer  lodes.  This  threefold 
division,  although  of  no  genetic  significance,  expresses  certain  well- 
marked  characteristics  of  the  ore  bodies  and  can  in  most  of  them  be 
maintained. 

The  largest  number  of  ore  deposits,  as  well  as  those  economically 
most  important,  lie  within  the  area  of  the  Jualin  diorite  and  are 
either  in  the  form  of  fissure  veins  or  stockworks.  The  stringer  lodes 
are  numerous  in  the  slates  and  graywackes  of  the  Bemers  formation, 
but  have  not  yet  proved  to  be  of  commercial  value. 

The  outcro{)s  of  the  ore  bodies  lying  below  timber  line  are  much 
obscured  by  vegetation.  Some  are  completely  grown  over  with 
moss  and  have  trees  growing  on  the  very  tops  of  the  ledges;  they 
were  therefore  most  effectively  concealed  over  the  greater  part  of 
their  lengths  prior  to  discovery.  Above  timber  line  the  exposures, 
where  not  hidden  by  talus  slopes,  are  better.  The  longest  known 
outcrops  range  from  1,500  to  2,000  feet. 

The  deepest  continuous  development  work  has  attained  a  depth  of 
600  feet  below  the  outcrop  of  the  ore  body,  and  one  stockwork  has 
been  intersected  at  850  feet,  although  the  continuity  of  the  deposit 
has  not  been  tested.  At  the  time  of  examination  the  length  of  any 
level  on  the  strike  of  any  ore  body  accessible  to  the  writer  did  not 
exceed  a  few  hundred  feet. 

FISSXJBE   VEINS. 

The  fissure  veins,  with  few  exceptions,  are  restricted  in  their  occur- 
rence to  the  area  occupied  by  the  Jualin  diorite.  Most  of  the  ore 
bodies  belong  to  this  type  but  are  exceeded  in  size  by  the  stockwork 
deposits.  They  are  simple  quartz-filled  fractures  with  well-defined 
walls.  The  average  vein  has  a  mean  thickness  of  5  feet;  the  maxi- 
mum width  of  solid  quartz  known  at  any  point  is  15  feet.  A  marked 
tendency  to  swell  and  pinch  gradually  along  the  strike  and  dip  is 
exhibited  by  many  of  the  veins,  which  thereby  form,  as  it  were,  a 
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coimected  series  of  long  Sattened  lenses.  The  scanty  data  at  hand 
seem  to  show  that  the  average  length  of  the  longer  axes  of  these 
lenses  is  400  feet.    This  tendency  is  in  part  an  original  character- 
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istic  due  to  the  mode  of  formation  of  the  veins,  and  is  in  part  due  to 
movements  along  postmineral  fractures  making  a  narrow  angle  with 
the  plane  of  the  vein.  Where  the  variation  in  the  width  of  a  vein 
is  due  to  such  displacements  the  swelling  or  pinching  is  usually 
more  abrupt  than  where  it  is  due  to  the  original  shape  of  the  fissure. 


The  strike  of  individual  veins  is  fairly  regular,  but  no  system  in 
the  strike  of  the  veins  as  a  whole  can  be  observed.     The  greater 
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number,  however,  lie  in  the  northwest-southeast  quadrants  (fig.  2). 
The  veins  dip,  almost  without  exception,  to  the  east  or  northeast  at 
angles  ranging  in  different  ledges  from  40®  to  70°  (fig.  3),  but  certain 
veins  show  as  great  a  variation  as  this  from  level  to  level. 

STOCKWOB.KS. 

The  stockworks  are  masses  of  broken  country  rock  intricately 
penetrated  by  quartz  stringers.  The  representatives  of  this  type 
are  not  numerous  and  are  of  low  grade,  but  on  account  of  the  large 
tonnage  of  ore  which  they  seem  capable  of  furnishing  they  appear  to 
form  the  most  valuable  asset  of  the  region.  They  lie  in  the  area  of 
the  Jualin  diorite.  They  are  irregular  in  shape  and  are  not  bounded 
by  walls.  The  whole  mass  of  country  rock  and  included  network  of 
quartz  veins  constitutes  the  ore  body,  and  as  the  tenor  of  the  ore  is 
dependent  on  the  amount  of  included  quartz,  the  size  of  any  ore 
body  is  determined  partly  by  the  dictates  of  economic  expediency — 
that  is,  the  distinction  between  what  is  ore  and  what  is  not  ore  is 
determined  by  the  working  costs.  At  the  Kensington  mine,  on  a 
study  of  which  our  knowledge  concerning  these  deposits  chiefly  rests, 
the  ore  body  approximates  an  ellipse  in  cross  section  160  feet  long 
by  80  feet  wide.  The  quartz  veins  are  most  closely  spaced  near  the 
center  of  the  ore  body  but  toward  the  periphery  become  more  widely 
spaced,  so  that  the  large  amount  of  barren  diorite  included  in  the 
deposit  decreases  the  assay  value  of  the  ore  below  a  profitable  limit. 

STRINGER   LODES. 

The  stringer  lodes  are  belts  of  schistose  country  rock  ribboned  with 
veinlets  of  quartz.  They  are  characteristically  developed  in  the 
graywackes  and  slates  of  the  Bernei^  formation  and  follow  the 
structure  of  the  inclosing  rocks.  An  enormous  number  of  quartz 
stringers  occur  in  the  sedimentary  rocks,  but  few  of  them  carry  any 
metallic  minerals,  so  that  comparatively  little  exploration  work  has 
been  attempted  on  them.  At  a  few  localities  stringer  lodes  have 
been  partly  developed,  but  not  sufficiently  to  demonstrate  economic 
importance. 

At  other  points  in  the  Juneau  gold  belt  stringer  lodes  in  slat-e  have 
proved  to  be  of  great  value,  so  that  the  discovery  of  commercially 
valuable  lodes  of  this  character  in  the  Berners  Bay  region  is  not 
inherently  improbable.  The  general  law  of  the  occurrence  of  stringer 
lodes  in  the  Juneau  gold  belt  shows  that  they  are  most  likely  to  lie 
along  the  contact  of  a  belt  of  slate  with  a  harder  bed,  which  is  com- 
monly either  a  sheet  of  greenstone  or  a  stratum  of  graywacke. 
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MXNBBALOaY  OF  THE  OB.E  DEPOSITS. 

Introductory  statement, — The  mineralogy  of  the  ore  deposits  is 
extremely  simple.  In  the  veins  the  minerals  constitute  the  material 
that  forms  the  filling  of  the  fissures ;  in  the  stockworks  and  stringer 
lodes  they  include  the  minerals  of  the  country  rock  or  the  minerals 
derived  from  their  alteration  under  the  action  of  the  mineral-bearing 
solutions.  The  variety  is  not  great,  nor  are  the  minerals  distin- 
guished by  any  pecuUarities  of  crystallization.  Oxidation  products 
are  not  common. 

Gold, — The  low-grade  ores  rarely  show  any  gold  visible  to  the  eye. 
It  is  reported,  however,  that  gold  was  found  intergrown  with  quartz 
in  masses  of  considerable  size  in  pockets  in  the  Comet  mine.  In  the 
upper  parts  of  some  lodes  it  appears  in  bright-yellow  particles  em- 
bedded in  iron  ocher,  where  it  has  evidently  been  derived  from  the 
oxidation  of  a  pyritic  mineral.  At  the  Jualin  mine  it  is  closely 
associated  with  chalcopyrite,  commonly  intergrown,  and  is  with 
difficulty  distinguished  on  account  of  the  almost  identical  similarity 
of  color  between  gold  and  chalcopyrite.  Gold  occurs  also  embedded 
in  calcite. 

Copper. — Native  copper  was  not  observed  in  any  of  the  mines,  but 
is  reported  to  have  been  found  in  the  stream  bed  of  Johnson  Creek 
below  the  Jualin  mine.  The  presence  of  chalcopyrite  and  some  of 
its  oxidation  products,  azurite  and  malachite,  in  that  lode  leaves 
little  doubt  that  the  native  metal  was  derived,  like  the  carbonates, 
from  the  oxidation  of  copper  pyrites. 

Galena, — The  lead-gray  sulphide  of  lead  occurs  in  small  particles 
embedded  in  the  quartz  of  the  veins  and  stringers.  It  occurs  no- 
where in  the  altered  wall  rock,  differing  notably  in  this  respect  from 
pyrite.  It  shows  no  crystallographic  boundaries,  but  exhibits  the 
characteristic  cubical  cleavage. 

Sphalerite, — Sphalerite  was  noted  at  only  two  of  the  properties  in 
the  district — the  Jualin  and  the  Fremming.  At  the  Fremming  it  is 
of  yellowish-brown  color  and  occurs  together  with  galena,  pyrite, 
chaJcopyrite,  and  free  gold.  Minute  amounts  of  black  sphalerite 
occur  at  the  Jualin  mine. 

CJialcopyrite. — Chalcopyrite,  tlie  gold-yellow  sulphide  of  copper 
and  iron,  is,  next  to  pyrite,  the  commonest  metalUc  sulphide  in  the 
region.  Its  presence  seems  favorable  to  good  values  in  gold,  and 
gold  is  often  found  inclosed  in  it  at  the  Jualin  mine.  As  a  rule,  the 
chalcopyrite  occurs  embedded  in  quartz  in  irregular  particles  with- 
out crystal  faces,  but  where  it  lines  drusy  cavities  it  forms  small 
tetrahedrons.  Chalcopyrite  may  be  distinguished  from  pyrite,  with 
which  it  may  sometimes  be  confused,  by  its  comparative  softness, 
for  it  scratches  readily,  and  its  deeper  yellow  color. 
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Pyrite. — ^The  pale  brass-yellow  sulphide  of  iron,  pyrite,  is  the 
most  abundant  metaUic  mineral  in  the  region.  Unlike  the  other 
sulphides — ^galena,  sphalerite,  and  chalcopyrite — ^it  occurs  both  in 
the  vein  fillings  and  in  the  altered  wall  rocks.  The  pyrite  is  both 
massive  and  crystalline;  where  crystallized  it  is  conunonly  in  the 
form  of  striated  cubes  and  rarely,  as  at  the  Indiana  property,  in  fine 
octahedrons. 

Quartz. — The  principal  nonmetalliferous  mineral  forming  the  vein- 
filling  material  of  the  region  is  a  white  quartz  of  fairly  coarse  texture. 
Some  of  the  veins  are  characterized  by  a  drusy  structure,  and  in 
these  the  quartz  is  partly  bounded  by  crystal  faces,  and  terminated 
prisms  project  into  the  vugs.  The  central  portion  of  the  Ophir  vein 
contains  cavities  several  feet  long,  and  these  are  implanted  with 
large  glassy  crystals  of  quartz. 

Caldte. — Calcite  occurs  as  a  subordinate  constituent  in  all  the 
quartz  veins  but  as  a  rule  is  prominent  only  in  the  stringers.  Sparry 
masses  occur  in  places  in  the  altered  diorite  wall  rock;  some  is  of 
reddish-brown  color,  but  as  it  is  easily  soluble  in  cold  hydrochloric 
acid,  it  is  probably  a  ferriferous  calcite  and  not  siderite,  as  was  sus- 
pected. 

Dolomite, — The  presence  of  dolomite  is  indicated  by  the  micro- 
scope as  an  alteration  product  of  the  diorite  adjoining  quartz  veins. 
It  is  recognized  in  the  larger  aggregates  by  its  strongly  curved  cleav- 
age and  by  its  tendenc^y  to  form  perfect  rhombohedrons  scattered 
throughout  the  altered  diorite.  It  was  positively  identified  by  de- 
termining the  value  of  the  refractive  index  uj. 

Feldspar. — The  feldsj>ar  of  the  Jualin  diorite  is  an  important  con- 
stituent of  the  stockwork  ore  bodies,  such  as  the  Eureka,  the  Ken- 
sington, and  the  Johnson.  It  is  a  plagioclase  (commonly  ande- 
sine)  or  labratlorite,  but  instead  of  showing  the  white,  pearly  ap- 
pearance of  ordinary  feldspar,  it  is  light  greenish  and  possesses 
rather  an  oHy  luster  due  to  a  more  or  less  thorough  alteration  to 
sericite.  A  clear  glassy  feldspar,  which  the  microscope  shows  to  be 
albite,  is  in  places  associated  with  the  altered  plagioclase  feldspar, 
from  whose  transformation  it  has  been  derived  by  the  action  of 
vein-forming  solutions.  It  is  also  found  in  microscopic  veinlets  in 
the  altered  diorite  along  with  quartz  and  calcite  or  dolomite.  Its 
presence  throws  important  light  on  the  character  of  these  solutions 
and  alUes  the  mineralization  wdth  that  which  has  taken  place  at  the 
Tread  well  deposits.  Albite  has  not  been  noted  as  a  macroscopic 
component  of  the  larger  quartz  veins,  but  its  discovery  seems  not 
imlikely. 

Sericite, — Scales  of  silvery-white  mica  occur  in  the  vein  quartz, 
but  nowhere  in  large  amount.  It  is,  as  already  indicated,  abundant 
as  a  microscopic  constitutent  of  the  altered  feldspar  of  the  diorite 
wall  rock. 
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Hornblende. — Hornblende  in  its  unaltered  condition  is  a  dark- 
green  or  black  prismatic  mineral,  which  is  a  prominent  constituent 
of  the  Jualin  diorite.  Under  the  action  of  mineralizing  solutions  it 
has  been  converted  into  epidote  and  chlorite. 

Epidote, — Epidote,  a  hydrous  aluminum  silicate  of  calcium  and 
iron,  is  a  mineral  of  bright  yellowish-green  color.  It  is  present  in 
the  hydrothermally  altered  diorite  in  a  finely  disseminated  condi- 
tion, and  is  responsible  in  considerable  measure  for  the  greenish  hue 
that  the  diorite  assumes  in  the  vicinity  of  the  ore  bodies. 

CfhlorUe. — Chlorite  is  a  micaceous  or  foliated  mineral  of  deep-green 
color.  It  is  abundant  in  the  stockwork  deposits  as  an  alteration 
product  of  biotite,  which  is  one  of  the  pyrogenetic  constituents  of 
the  Jualin  diorite.  It  is  in  part  derived  also  from  hornblende.  The 
pyrite  in  the  country  rock  is  commonly  associated  with  chlorite, 
much  of  which  shows  sagenitic  webs.  The  fibers  or  prisms  making 
up  these  webs  are  in  some  places  sufficiently  coarse  to  show  the 
diagnostic  properties  pf  rutile,  such  as  deep  pleochroism,  straight 
extinction,  and  relief. 

VALUE  OF  THE  OB.ES. 

The  ores,  if  $10  a  ton  is  considered  to  fix  the  upper  limit  in  value 
of  low-grade  ores,  are  commonly  of  low  grade.  The  Comet  mine, 
one  of  the  two  largest  producers  in  the  region,  averaged  $9.20  a  ton 
for  a  production  of  50,000  tons.  On  the  other  hand,  a  number  of 
strong  fissure  veins  averaging  5  feet  in  thickness,  from  which  a  con- 
siderable tonnage  of  ore  has  been  mined  and  milled,  have  yielded 
only  $3  to  the  ton — an  amoimt  that  imder  present  conditions  is  below 
the  working  costs. 

The  highest  grade  ore  in  the  region  was  extracted  from  one  of 
the  veins  of  the  Jualin  mine  and  averaged  $30  a  ton  over  a  width  of 
7  feet.  It  is  a  noteworthy  fact  that  the  ore  of  tliis  mine  is  compara- 
tively high  in  metallic  sulphides. 

Few  data  are  available  concerning  the  value  of  the  ore  of  the  stock- 
work  deposits.  The  general  rule  seems  to  hold  that  the  values  in- 
crease proportionately  to  the  size  and  number  of  quartz  stringers  per 
volume  of  country  rock.  The  Eureka  is  said  to  average  $7  a  ton 
over  a  width  of  18  feet,  the  Kensington  from  $3  to  $5  over  a  width 
of  80  feet. 

FISSX7BE   ANB  VEIN  FOBJONa  PBOCESSES. 

The  formation  of  the  veins  required  the  hitervention  of  two  sepa- 
rate processes — the  fracturing  and  opening  of  the  fissures  and  the 
filling  of  the  fissures  with  quartz  and  the  metalliferous  constituents. 
The  second  process  tends  to  obscure  and  obUterate  certain  of  the 
records  of  the  first. 
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Some  of  the  veins  are  in  places  adjoined  by  belts  of  mashed  diorite 
which  have  the  structure  of  a  closely  foliated  green  schist.  Frag- 
ments of  this  schist  inclosed  in  the  veins  prove  that  the  crushing  of 
the  diorite  took  place  prior  to  the  introduction  of  the  vein-filling 
material,  but  it  is  improbable  that  this  green  schist  with  its  present 
mineral  make-up  is  the  product  of  the  mechanical  alteration  of  the 
diorite.  It  has  been  too  thoroughly  affected  by  the  ore-depositing 
agencies  to  retain  its  original  composition.  Viewed  under  the  micro- 
scope, the  schist  proves  to  be  composed  largely  of  altered  plagioclase 
and  sericite,  with  a  minor  amount  of  calcite  and  accessory  chlorite, 
magnetite,  and  apatite.  The  green  color  of  the  schist  is  due  to  the 
presence  of  the  sericite. 

Narrow  portions  of  some  of  the  veins  are  occupied  by  schistose 
diorite  or  are  filled  with  broken  masses  of  diorite  interlaced  with 
quartz  stringers.  All  these  features  indicate  that  powerful  compres- 
sive forces  were  operative  in  producing  the  fractures. 

At  other  points  in  the  region  these  stresses  have  produced  belts  of 
schist  in  the  diorite,  but  these  schistose  zones  have  remained  unmin- 
eralized,  possibly  because  they  were  too  tight  to  furnish  free  circula- 
tion to  the  ore-depositing  agencies.  One  of  the  schists — a  light-green 
foliated  rock  from  a  zone  10  feet  thick  in  the  Indiana  tunnel — was 
found  to  consist  of  highly  altered  plagioclase  which  is  much  obscured 
by  sericite  and  carbonate.  The  sericite  shows  no  schistose  arrange- 
ment like  that,  for  example,  characterizing  deformed  quartz  por- 
phyries; the  carbonate  is  commonly  scattered  throughout  the  feldspars 
in  the  form  of  small  rhombohedrons.  Both  minerals  are  character- 
istic of  the  chemically  altered  wall  rock  that  adjoins  the  ore  bodies. 
A  number  of  small  radiate  groups  of  bluish-brown  tourmaline  occur 
througliout  the  rock,  and  pyrite,  magnetite,  and  apatite  are  present 
as  accessory  minerals.  The  tourmaline  was  introduced  subsequent 
to  the  shearing  of  the  rock,  and  tourmalinization  appears  to  have 
been  contemporaneous  with  the  sericitization  and  carbonatization. 

In  addition  to  the  mechanical  alteration  of  the  wall  rocks,  they 
have  been  affected  by  a  chemical  alteration  due  to  the  activity  of 
the  agencies  that  brought  in  the  quartz  and  metallic  minerals.  The 
width  of  wall  rock  affected  by  this  alteration  varies,  ranging  up  to 
several  feet.  The  alteration  is  most  intense  where  the  wall  rock  is 
irregularly  penetrated  by  stringers  branching  from  the  main  lode. 

The  general  course  of  the  alteration  of  the  diorite  leads  to  the 
cliloritization  and  destruction  of  the  ferromagnesian  minerals,  to  the 
partial  sericitization  of  the  plagioclase  feldspar,  to  the  formation  of 
albite,  and  to  the  introduction  of  carbonates  (dolomitic  in  part)  and 
pyrite.  In  short,  the  diorite  is  transformed  mainly  by  recrystaUi- 
zation,  during  which  there  is  some  addition  of  carbon  dioxide  and 
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sulphur  and  probably  of  iron  and  potash.  The  process  is  very  similar 
^o  that  determined  for  the  Treadwell  ore  deposit  by  Spencer,®  who 
pointed  out  that,  though  the  occurrence  of  albite  is  fairly  common  in 
certain  types  of  gold-quartz  veins,  it  had  not  previously  been  detected 
in  the  metasomatically  altered  wall  rocks  of  any  veins  that  had  been 
studied.  It  has  been  noted  by  Lindgren''  to  form  in  albite-rich 
amphibolites. 

The  most  thorough  alteration  observed  in  the  Bemers  Bay  region 
was  that  adjoining  portions  of  the  Bear  vein.  Here  the  diorite  has 
been  converted  into  a  nearly  snow-white  rock  impregnated  with  small 
cubes  of  pyrite.  In  thin  section  this  rock  is  seen  to  have  a  crushed 
granulated  structure  healed  by  recrystallization  and  obscured  by 
metasomatic  alteration.  Plagioclase  is  the  main  constituent  and  is 
largely  altered.  It  is  sericitized,  especially  where  pyrite  has  been 
introduced,  and  in  places  contains  rhombohetlrons  of  carbonate. 
Patches  of  recrystalUzed  clear  glassy  feldspar,  which  proves  to  be 
albite,  occur  sporadically.  Replaced  areas  consisting  of  carbonate 
that  shows  strongly  curved  cleavage,  quartz,  and  subordinate  albite 
are  present.  The  carbonate  was  proved  to  be  dolomite  by  determin- 
ing the  value  of  lo  according  to  Schroeder  van  der  Kolk's  method;* 
this  value  was  found  to  be  1.69. 

It  is  not  possible  to  obtain  the  fresh  diorite  from  which  this  wall 
rock  was  derived.  At  550  feet  from  the  vein  the  diorite  shows 
numerous  hornblende  prisms  resting  in  dull-green  aphanitic  matrix. 
In  thin  section  this  apparent  matrix  is  found  to  consist  of  liighly 
altered  feldspar  and  primary  interstitial  quartz.  The  feldspar,  mainly 
plagioclase  with  some  orthoclase,  is  thoroughly  sericitized.  Epidote, 
chlorite,  and  carbonate  are  common;  pyrite  occurs  sporadically. 
The  presence  of  magnetite  as  a  relatively  abundant  accessory  mineral 
is  noteworthy.  The  hornblende  which  is  so  readily  seen  in  the  hand 
specimens  proves  to  be  considerably  altered;  the  presence  of  chlorit- 
ized  biotite  is  suggested  but  can  not  be  estabUshed. 

Where  the  metasomatic  alteration  has  been  less  intense,  as  in  the 
diorite  of  the  Kensington  stockwork  or  at  the  Jualin  mine,  the  altered 
wall  rock  consists  essentially  of  an  aggregate  of  sericitized  plagioclase 
and  chloritized  biotite  which  shows  sagenitic  webs.  No  recognizable 
vestiges  of  hornblende  are  present.  In  places  considerable  apatite 
occurs  as  an  accessory  mineral.  The  veinlets  of  quartz  that  traverse 
this  altered  rock  contain  dolomite  and  calcite,  a  little  sericite  and 
chlorite,  and  some  glassy  striated  subhedral  albite.     In  places  the 

o  Bull.  U.  S.  Geol.  Survey  No.  287, 1906,  p.  113. 

h  Lindgrcn,  Waldemar,  Econ.  Geology,  vol.  2, 1907,  p.  11 

cDetermiQed  by  £.  S.  Laraen. 

67811*— Bull.  446-11 ^3 
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limpid  new  albite  adjoins  highly  sericitized  feldspar,  and  the  contrast 
between  original  and  secondary  feldsoar  is  strikingly  apparent. 
Some  of  the  smaller  veinlets  are  composed  entirely  of  dolomite  and 
albite. 

At  a  greater  distance  from  the  ore  bodies,  hornblende  begins  to 
appear  in  the  diorite.  It  is  partly  epidotized  and  chloritized;  epidote 
appears  also  in  the  plagioclase,  together  with  carbonate  and  sericite. 
The  biotite  is  partly  chloritized,  commonly  around  the  edges,  and 
contains  finely  developed  sagenitic  webs,  especially  in  the  chloritized 
portions.  Zoisite  is  noted  here  and  there.  Magnetite  appears  among 
the  ordinary  accessory  minerals  of  the  diorite. 

The  mineralogical  study  of  the  metamorphism  of  the  diorite  wall 
rocks  shows  that  where  the  alteration  was  most  profound  the  femic 
minerals,  especially  the  hornblende  and  magnetite,  were  destroyed 
and  all  traces  of  their  former  presence  completely  obliterated.  The 
iron  of  these  minerals  was  used  to  form  pyrite;  the  lime  and  magnesia 
of  the  hornblende  to  form  dolomite.  The  feldspar  has  been  partly 
sericitized  and  recrystallized  to  albite.  The  potash  of  the  sericite 
was,  in  part  at  least,  furnished  by  the  biotite.  Apatite  remains 
throughout  the  course  of  alteration.  Epidote  is  not  formed  in  the 
zone  of  most  intense  metasomatism,  but  appears  in  the  zone  of  feebler 
alteration. 

The  alteration  of  the  wall  rock  has  been  mainly  in  the  nature  of  a 
chemical  rearrangement  of  tlie  constituent  molecules,  modified  to 
some  extent  by  the  introduction  of  sulphur  and  carbon  dioxide  ami 
by  tlie  partial  elimination  of  soda.  In  general,  the  amount  of  pyrite 
developed  in  tlie  wall  rock  seems  to  have  been  determined  by  the 
amount  of  iron  originally  present  in  the  ferromagnesian  minerals  and 
magnetite. 

The  chemical  work  done  by  the  ore-depositing  agencies  shows  that 
they  were  hot  ascending  solutions  carrying  carbon  dioxide,  sulphur 
(probably  as  hydrogen  sulphide),  silica,  potavsh,  gold,  iron,  and  several 
heavy  metals  in  small  quantities,  and  doubtless  other  constituents 
that  have  left  no  record  of  their  presence  because  they  remained 
imfixed  either  in  the  vein  stuff  or  in  the  altered  wall  rocks.  At  one 
locality  the  solutions  were  capable  of  causing  the  fonnation  of 
tourmaline  as  well  as  producing  sericitization  and  carbonatization. 
The  occurrence  of  this  tourmaline  tends  to  corroborate  the  conclusion 
previously  reached  concerning  the  comparatively  highly  heated 
character  of  the  vein-forming  solutions.  Too  weighty  a  superstruc- 
ture of  argmnent  should  not  be  built  on  this  single  occurrence,  but  it 
suggests  that  when  the  mining  development  of  the  region  is  further 
advanced  and  increased  facihties  for  investigation  are  provided  the 
relation  of  the  tourmalinization  and  amiferous  mineraUzation  can 
be  more  firmly  estabUshed. 
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OBIGIN  OF  THE   OBE   DEPOSITS. 

The  problem  concerning  the  origin  of  the  ore  deposits  involves  the 
consideration  of  two  factors — the  origin  of  the  fractures  and  the  ' 
origin  or  source  of  the  vein  stuff  and  its  metalliferous  constituents. 

(Compressive  forces,  as  indicated  by  the  schistose  nature  of  the  wall 
rocks,  caused  the  initial  fracturing  of  the  rocks.  The  surfaces  along 
which  this  ruptiuing  took  place  were  not  simple  planes,  but  were 
rather  of  gently  undulating  character  along  both  the  strike  and  the 
dip,  as  shown  by  the  stoped-out  portions  of  the  veins,  and  subsequent 
movements  along  the  fractures  produced  the  open  spaces  in  wliich 
the  quartz  and  metallic  minerals  were  later  deposited. 

The  fissures  show  neither  conjugate  relations  nor  any  other  dis- 
cernible systematic  arrangement.  In  a  highly  specidative  paper 
Spencer  "  has  put  forth  a  conception  of  the  origin  of  the  fissures  in  the 
Jimeau  gold  belt,  but  inasmuch  as  the  conditions  postulated  in  his 
argument  do  not  exist  in  the  Bemers  Bay  country  his  ideas  can  not 
be  applied  to  that  region. 

The  localization  of  the  largest  nmnber  of  ore  bodies  in  the  area  of 
the  Jualin  diorite  is  the  most  striking  fact  in  the  geology  of  the  region. 
It  suggests  a  genetic  dependence  on  that  rock  mass,  but  what  that 
genetic  relation  is  can  not  easily  be  established. 

The  mineralogical  character  of  the  veins  throws  no  light  on  the 
origin  of  the  deposits.  The  metallic  minerals — gold,  pyrite,  chal- 
copyrite,  galena,  and  sphalerite — and  the  gangue  mineral  quartz  all 
belong  to  the  group  of  persistent  minerals,*  and  are  therefore  of 
little  genetic  significance. 

The  character  of  the  metasomatic  alteration  of  the  wall  rock  affords 
a  more  hopeful  line  of  atta(*.k  on  the  problem.  The  study  of  that 
process  has  shown  that  the  vein-forming  solutions  were  capable  of 
effecting  aa  intense  hydrothermal  metamorpliism,  a  characteristic 
feature  of  which  is  the  development  of  albite  in  the  altered  rock 
as  well  as  in  the  narrow  veinlets  penetrating  the  altered  wall  rock. 
Tliis  feature,  as  already  pointed  out,  allies  the  character  of  the  min- 
eralizati(m  to  that  which  has  produced  the  Tread  well  lode,  so  that 
this  similarity  is  one  of  botli  practical  and  theoretical  significance. 
The  presence  of  albite  appears  to  be  a  regional  characteristic  of  the 
Juneau  gold  belt,  and,  on  account  of  the  known  instability  of  soda 
minerals  in  veins  formed  at  moderate  or  shallow  depths,  **  indicates 
a  deep-seated  origin  for  the  gold  veins. 

The  hypothesis  of  a  magmatic  origin  for  the  vein-forming  waters 
in  southeastern  Alaska  was  first  advanced   by  Spencer**  and  was 

a  Bpenoer,  A.  C,  The  origin  of  vein-fllled  openings  in  southeastern  Alaska:  Trans.  Am.  Inst.  Mln.  £ng., 
vol.  36, 1906,  pp.  1211-1216. 

fr  Lindgren,  WaJdemar,  The  relation  of  ore  deposition  to  physical  condition:  Eoon.  Geology,  vol.  2, 1907, 
p.  122. 

«  Lindgren,  Waldemar,  op.  cit.,  p.  117. 

<'  Hpencer,  A.  C,  Trans.  Am.  Inst.  Min.  Eng.,  vol.  36, 1906,  p.  971;  alao  Bull.  U.  S.  Oeol.  Survey  No.  287, 
1906,  p.  30. 
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based  mainly  on  the  facts  observed  in  the  Juneau  district.  These 
included  the  relation  of  mineralization  to  intrusive  rocks,  the  nature 
of  the  metasomatic  processes,  and  the  sporadic  presence  of  pneu- 
matolytic  minerals  in  the  veins. 

All  subsequent  work  has  tended  to  support  this  hypothesis.  The 
geologic  map**  published  on  the  completion  of  Reconnaissance  work 
in  southeastern  Alaska  shows  most  strikingly  the  clustering  of 
mineral  deposits  along  the  intrusive  contacts  of  granitoid  rocks. 
The  force  of  this  suggestive  relation  gains  cumulative  strength  when 
it  is  found  that  a  similar  association  exists  along  the  eastern  margin 
of  the  diorite  core  of  the  Coast  Range. 

It  is  therefore  probable  that  in  a  regional  treatment  of  the  ore 
deposits  of  southeastern  Alaska  the  hypothesis  of  Spencer  embod- 
ies an  important  generalization,  the  plausibility  of  which  may  not 
always  be  readily  apparent  when  applied  to  individual  deposits  or 
localities.  At  Bemcrs  Bay  the  massing  of  the  ore  bodies  in  the  area 
of  the  Jualin  diorite  is  so  striking  a  feature  that  a  certain  mental 
restraint  is  required  to  keep  from  precipitately  embracing  the  mag- 
matic  hypothesis. 

The  independent  evidence  that  the  region  as  an  isolated  xmit  offers 
to  the  magmatic  hypothesis  consists,  first,  in  the  spatial  relation  of 
the  ore  bodies  to  the  diorite,  and,  second,  in  the  character  of  the 
metasomatic  alteration  of  the  wall  rocks.  From  the  present  status 
of  knowledge  concerning  the  origin  of  ore  bodies  it  may  be  regarded 
as  established  that  the  vein-forming  agencies  were  ascending  thermal 
solutions.  That  they  were  released  from  a  cooling  magma  is  strongly 
suggested  but  not  proved.  The  tourmalinization  effected  by  solu- 
tions essentially  similar  in  composition  to  those  that  produced 
economic  mineralization  is  a  fact  lending  support  to  the  magmatic 
hypothesis,  but  in  view  of  the  meager  distribution  of  the  tourmaline, 
so  far  as  known,  it  is  one  on  which  much  weight  can  not  be  laid. 

PBACTICAL  DEDUCTIONS. 

Any  enriched  surface  ores  that  may  have  existed  within  this  region 
have  been  swept  away  by  the  powerful  glacial  erosion  to  which  the 
region  was  subjected  in  the  recent  geologic  past.  The  ores  exposed 
at  the  surface  are  therefore  of  primary  origin,  modified  to  an  unim- 
portant extent  by  postglacial  oxidation,  and  the  outcrop  of  any  ore 
deposit  will  furnish  a  true  index  of  the  value  of  the  lode  as  a  whole, 
depending  on  whether  the  distribution  of  values  in  the  ore  is  or  is 
not  uniform.  As  some  of  the  veins  have  been  found  to  be  pockety 
and  as  many  an  undeveloped  prospect  is  known  from  a  single  out- 
crop only  on  account  of  the  generally  poor  exposures  in  the  region,  it 

o  Wright,  C.  W.,  Bull.  U.  S.  Oeol.  Survey  No.  345, 1908,  PI.  II. 
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may  happen  that  a  surface  ore  may  give  results  that  are  either  higher 
or  lower  than  the  average  value  of  the  whole  ore  body. 

The  continuity  of  the  ore  deposits  in  depth  is  a  matter  of  the 
highest  practical  interest.  It  is  dependent  on  two  factors — the  per- 
sistence of  the  Assuring  and  the  character  or  quality  of  the  mineraliza- 
tion. As  shown  by  the  microscopic  study  of  the  vein-forming 
processes,  the  quality  of  the  mineralization  is  such  as  to  assure  its 
maintenance  to  a  depth  which  is  below  the  limit  of  profitable  mining. 
This  conclusion  is  enforced  by  both  theoretical  and  practical  con- 
siderations. The  Kensington  lode  outcrops  at  an  altitude  of  2,800 
feet;  the  Treadwell,  which  outcrops  near  sea  level,  has  been  proved 
to  a  depth  of  1,700  feet  without  diminution  of  its  values.  This  gives 
a  known  vertical  range  of  practically  4,500  feet  through  which  the 
auriferous  solutions  were  capable  of  precipitating  gold  in  the  Juneau 
district.  The  probabilities  are  that  this  is  a  minimum  estimate,  but 
it  is  perhaps  well  to  point  out  that  this  figure  is  based  on  the  assump- 
tion that  the  ore  deposits  have  not  been  displaced  vertically  with 
reference  to  each  other  since  they  were  formed,  either  by  faulting 
or  by  crustal  warping. 

It  does  not  follow,  however,  that  the  quantity  of  mineralization 
persists  downward.  This  is  a  function  of  the  extent  of  the  fissuring 
in  depth  and  the  persistence  of  size  of  the  veins  or  the  amount  of 
veination  in  the  stockworks.  These  factors  can  be  determined  much 
less  satisfactorily  than  those  relating  to  the  quaUty  of  mineralization. 

It  has  been  pointed  out  in  previous  pages  that  the  veins  were 
formed  by  the  movement  of  the  walls  past  each  other  along  gently 
sinuous  fractures.  Pinches  and  swells  are  therefore  encountered  on 
the  levels  along  the  strike  of  the  veins.  Similar  variation  is  to  be 
expected  vertically  also,  although  development  has  not  yet  been 
sufficiently  extensive  to  demonstrate  this  as  a  law. 

Inasmuch  as  narrow  portions  of  the  fissures  are  commonly  occupied 
by  masses  of  schistose  diorite  which  are  here  and  there  interlaced 
with  quartz  stringers,  such  schistose  zones  are  worth  exploring  or 
drifting  on  in  the  chance  of  striking  other  valuable  ore  bodies.  This 
possibility  was  forcibly  illustrated  at  the  Jualin  mine,  where  an  18- 
inch  zone  of  crushed  diorite  of  most  unpromising  appearance  opened 
out  when  followed  along  the  strike  into  a  strong  and  valuable  ore 
body.  That  this  is  no  infalUble  rule,  however,  is  clearly  demon- 
strated by  certain  fruitless  attempts  that  have  been  made  under  its 
guidance.  In  the  most  conspicuous  example  500  feet  of  tunnel  was 
drifted  along  a  schistose  zone  in  the  diorite  without  encoimtering  a 
ledge.  The  probability  of  striking  an  ore  body  is  apparently  strongest 
in  those  belts  of  crushed  or  sheared  diorite  that  are  penetrated  by 
quartz  stringers. 
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On  the  whole,  the  downward  persistence  of  iissuring  would  seem  to 
be  proved  by  the  deep-seated  origin  of  the  vein-forming  solutions, 
as  shown  by  the  alterations  that  they  were  able  to  effect  in  the  wall 
rocks.  The  ore  bodies  will  doubtless  show  variations  in  size  along 
the  dip  and  strike,  but  the  character  of  the  diorite  country  rock  is 
favorable  to  their  continuity  in  depth. 

The  conciusion  that  the  ore  deposits  are  of  deep-seated  origin  and 
due  to  the  ascent  of  thermal  waters  is  ultimately  based  on  empirical 
generalizations  and  is  independent  of  any  speculative  conceptions  as 
to  the  magmatic  origin  of  those  solutions.  It  therefore  rests  upon  a 
firmer  foundation  and  lends  assurance  to  the  belief  that  the  ore 
deposits  will,  as  a  rule,  persist  downwanl  below  the  limits  of  profitable 
extraction  without  essential  change  of  values. 

DESCRIPTIOXS    OF   INDIVIDUAIi    MIXES    AND    PROS- 
PECTS.*" 

The  mines  and  prospects  are  described  in  geographic  order,  those 
in  the  Sherman  CYeek  drainage  basin  being  taken  up  first  and  those 
on  the  Bemers  Bay  siile  being  considered  last.  A  large  number  of 
partly  developed  prospects  or  locations  are  not  described,  in  order  to 
avoid  a  monotonous  repetition  of  uninstructive  details. 

IVANHOB  MINB. 

The  main  tunnel  of  the  Ivanhix^  mine  is  situated  2h  miles  north- 
it  of  Comet,  at  'J.,*v%0  ftvt  aln^vo  s<^a  level.  This,  the  up}K*r  working, 
LS  connei^ted  with  the  stamp  mill,  whirli  is  situated  on  Sherman 
Creek  at  an  altitude  of  ,>(H)  ftvi,  hv  a  trannvav  svstom  consistinor  of 
3,lX"i»  feet  of  laWe  train  and  J,7(H>  ftvt  of  irravity  tram.  This  system 
has  been  lar^t^lv  ilestnnvil  hv  nvk  and  snow  slides.  The  mill  is 
e<3uippeti  wiih.  JO  stamps  and  S  bVuo  vanners  and  lunis^'s  the  com- 
pre-jisor  plant . 

T'ie  principal  tunnel  Ivars  oast  for  I  So  ftvt  to  a  [xnnt  where  it 
inieiv*v:s  lin-  vein  at  a  doptli  of  4o  fivt  Ivlow  tiu^  outcn^p:  a  drift 
opt  US  the  vein  over  a  louiitli  of  sr>0  fivt.  At  oi>e  iH^int  on*  has  been 
sio;W.  out  lo  ti:o  surfatv,  and  »viHH>  tons  was  oxtraotod.  n^p<^>rted 
to  havt'  \-K\vitHi  alvnit  $7.i>t><V  The  pr\>}vrt\  'l,a>  Kvn  i.iio  since  1903. 
Th-t^  vein  avorap^s  o  ftvt  in  thioknos^.  i^npr.^:  frotr.  1  u>  9  ftvt,  and 
isiiKlv><v:  l^iwtvn  woU-ilotinoii  walls  Fl.o  >:r;ki  is  N.  1«»~  W.  and 
tix  vii:^  r^iiips  fivMii  oO^^  to  (m^^^  K,,  axorairm^  ,V'\  Ti.e  iountrv  rock 
in  ::.t  vivi:v*:y  of  tlio  lvat\luv  rnrao  vv^ns!s:>  .:*  .^■,:<rtv:  basalts  or 
dial\a><  ;v^ri>hyrk>s-  Tin^si^  an^  o,,srk-A  v\v^n\i  :lr.t  cr.Hn\:iar  rx>oks 
s:x^::t\:  »::'.  cor.<:>irv.v^;:s  WoKs  of  >o.\^w.^' '::r5\  r.  t  :>:.ioi<\  The 
oric.-".^-  '>  v:v:i  ,.  V   ..srHv  :or  ot  :;.o  rv\  k^  >  vS^v;.:\     ".  ..:   .::'%  n  noos  of 
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texture  can  be  noted  from  place  to  place.  The  rock  50  feet  west  of 
the  tunnel  entrance  is  more  porphyritic  than  the  prevailing  variety. 
Tabular  feldspars  one-half  inch  long  form  the  phenocrysts  and  are 
arranged  here  and  there  in  stellate  groups. 


The  Horrible  group  of  five  claims  was  located  in  1896  and  was 
sold  late  in  the  same  year  to  the  Portland-Alaska  Alining  Company. 
Mining  operations  were  begun  in  the  spring  of  1897,  and  an  aerial 
tramway  2  miles  long  was  erected  which  connected  the  mine  workings 
wdth  a  10-stamp  mill  built  on4he  shore  of  Lynn  Canal.  Work  was 
suspended  during  the  winter  of  that  year  and  was  resumed  only  for 
a  short  time  in  1901. 

The  mine  is  opened  by  a  tunnel  400  feet  long  drifted  on  the  ledge, 
which  strikes  north  and  south  and  dips  steeply  to  the  east.  The  ore 
body  consists  of  a  quartz-filled  fissure  whose  walls  are  commonly 
well  defined  and  which  ranges  in  width  from  a  seam  to  10  feet,  averag- 
ing 5  feet.  The  quartz  is  sparingly  mineralized  with  metallic  min- 
erals; the  only  one  visible  to  the  eye  is  pyrite.  The  country  rock 
inclosing  the  vein  is  a  green  diorite  of  rather  fine  texture.  The 
hanging-wall  side  has  been  explored  by  a  drift  240  feet  long,  but  no 
ore  body  was  encountered. 

Some  stoping  was  done  on  the  vein  and  500  tons  of  ore  was  ex- 
tracted; this  is  reported  to  have  yielded  $1,500  in  gold. 

OPHTR   OROUP. 

The  Ophir  vein  outcrops  prominently  at  an  altitude  of  1,500  feet 
along  the  dank  of  the  mountain  north  of  Sherman  Creek.  Tliree 
tunnels  have  been  driven  on  the  property,  two  of  which  cut  the  vein. 
The  third,  which  is  300  feet  long,  is  i)lanned  to  undercut  the  ore  body 
at  a  depth  of  200  feet,  but  has  not  been  completed.  The  two  upper 
tunnels  are  400  feet  apart  on  the  strike  of  the  vein,  and  drifts  aggre- 
gating 300  feet  have  been  driven  along  its  course. 

The  country  rock  at  the  Ophir  vein  is  a  greenish  diorite  characterized 
by  an  abundance  of  small  black  prisms  of  hornblende.  The  ore  body 
is  a  simple  quartz-filled  fissure  v(4n  striking  N.  30°  W.  and  dipping 
on  an  average  45°  E.  Tt  ranges  in  thickness  from  2  to  6  feet.  The 
quartz  is  practically  devoid  of  pyritic  mineralization,  sporadic  par- 
ticles of  iron  pyrite  only  being  present.  The  Ophir  vein  is  rendered 
notably  different  from  others  in  the  district  through  the  presence  of 
numerous  vugs  and  cavities  lined  with  large  glassy  quartz  crystals. 

BEAU  MINE. 

The  Bear  mine  is  situated  on  the  north  slope  of  Shennan  Creek  at 
an  elevation  of  1,350  feet  and  is  connected  with  the  40-stamp  mill  of 
the  Berners  Bay  Mining  and  Milling  Company  by  a  gravity  tramway 
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1,700  feet  long.  The  mine  is  developed  by  an  adit  level  1,100  feet 
long,  wliich  crosscuts  the  Bear  vein  500  feet  from  tlie  portal  and 
200  feet  below  the  outcrop.  The  additional  600  feet  is  said  to  have 
been  driven  in  pursuance  of  a  plan  to  eventually  undercut  the 
Kensington  lode  at  this  greatly  increased  depth.  A  raise  was  put 
through  to  the  surface  on  the  Bear  vein  and  three  levels  from  250  to 
300  feet  long  have  been  worked.  From  these  considerable  ore  has 
been  stoped  in  places,  the  stopes  reaching  the  surface.  During  the 
years  1895  to  1897  about  5,500  tons  was  extracted. 

The  country  rock  at  the  Bear  mine  is  a  greenish  diorite  whose 
green  color  in  due  mainly  to  the  presence  of  finely  disseminated 
epidote  and  chlorite.  The  vein  trends  approximately  N.  20°  W. 
and  dips  somewhat  irregularly,  from  70*^  E.  at  the  surface  to  40°  E. 
on  the  adit  level.  The  walls  are  well  defined;  the  thickness  of  the 
vein  averages  2  feet  on  the  surface  and  5  feet  on  the  adit  level.  In 
places  the  diorite  wall  rock  is  highly  altered  to  a  snow-white  rock 
cut  by  quartz  stringers  and  studded  with  numerous  small  perfect 
cubes  of  pyrite.  The  vein  is  practically  barren  of  metallic  minerals 
but  carries  a  small  amount  of  pyrite  and  chalcopyrite. 

Another  vein,  smaller  than  the  Bear  vein,  was  crosscut  by  the 
adit  level  at  300  feet  from  the  portal.  It  is  from  2  to  5  feet  thick, 
strikes  N.  15°  W.,  and  dips  from  10°  to  40°  E.  About  100  feet  of 
drifts  have  been  driven  on  the  ledge. 

KENSINGTON  MINE. 

The  Kensington  mine  is  situated  on  the  north  slope  of  Sherman 
Creek  2  miles  due  east  of  Comet.  During  the  years  1897  to  1900 
some  12,000  tons  of  ore  was  mined  from  the  outcrop  and  from  shallow 
undergroimd  workings.  In  1904  a  long  crosscut  tunnel  was  driven 
to  prove  the  persistence  of  the  ore  body  in  depth.  Since  that  time 
no  further  work  has  been  done  on  tlie  property,  but  on  the  settle- 
ment of  certain  legal  difficulties  it  will  undoubtedly  be  reopened. 

The  portal  of  the  crosscut  tunnel  is  situated  at  an  altitude  of  2,100 
feet  and  is  connected  with  the  gravity  tram  of  the  Bear  mine  by  an 
aerial  tramway,  but  this  is  now  in  a  state  of  extreme  disrepair. 
(See  fig.  4.)  The  tunnel,  which  will  serve  as  the  main  working  adit, 
is  1,950  feet  long,  and  drifts  and  crosscuts  aggregating  640  feet  have 
been  driven  to  explore  and  define  the  limits  of  the  ore  body.  The 
upper  workings  of  the  Kensington  are  situated  at  an  elevation  of  2,800 
feet,  or  800  feet  above  the  crosscut  tunnel.  Here  some  large,  irreg- 
ular galleries  have  been  stoped  out,  in  places  30  feet  high,  but  none  of 
the  tunnels  extend  over  250  feet  into  tlie  mountain.  Some  mining 
has  also  been  done  on  the  surface  croppings  40  feet  above  the  entrance 
to  the  tunnels. 


DESCRIPTIONS   OF   MINES   AND   PROSPECTS. 


41 


The  geologic  features  of  the  Kensington  ore  body  as  shown  in  the 
outcrop  and  in  the  tunnels  on  both  levels  are  essentially  similar. 
The  ore  body  consists  of  an  irregular  mass  of  diorite  gashed  by  a 
multitude  of  quartz  stringers,  which  range  in  thickness  from  a  seam 
to  a  foot  but  commonly  average  a  few  inches.  In  plan  the  ore  body, 
as  shown  on  the  main  crosscut  level,  rudely  approximates  an  ellipse 
80  feet  in  width  and  160  feet  in  length,  with  the  major  axis  trending 
north  and  south.  The  two  levels  give  cross  sections  800  feet  verti- 
cally apart  and  apparently  show  that  the  deposit  constitutes  an 
inclined  column  or  chimney  of  ore  dipping  67°  E. 

The  quartz  voinlets  in  the  main  interlace  the  diorite  irregularly, 
but  show  an  ill-defined  tendency  to  trend  parallel  to  the  major  axis 
of  the  lode  in  cross  section.  They  carry  pyrite  as  the  only  metaUic 
mineral  visible  to  the  eye,  though  a  small  amount  of  galena  was 
noted  at  one  point.  The  diorite  adjoining  the  quartz  veinlets  is 
heavily  pyritic  in  places,  but  more  commonly  it  contains  scattered 
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FxouBB  4.— Diagrammatic  section  along  the  Kensington  tunnel. 

grains  of  pyrite  disseminated  through  it.  The  diorite  has  not  under- 
gone sufficient  alteration  from  the  action  of  vein-forming  solutions 
to  obscure  its  dioritic  appearance.  Nevertheless  it  differs  notice- 
ably from  the  barren  diorite,  being  in  general  of  a  greener  color — a 
change  that  is  due  largely  to  the  conversion  of  the  lustrous  flakes 
of  black  biotite  to  dull-green  chlorite.  The  feldspars  are  sericitized 
and  other  changes  have  taken  place,  described  in  detail  elsewhere  in 
this  report.  The  larger  stringers  are  practically  solid  quartz;  the 
small  veinlets,  especially  those  that  finger  out  into  the  country  rock, 
contain  carbonates,  with  which,  as  shown  by  the  microscope,  is  asso- 
ciated some  albite  feldspar. 

A  lamprophyric  dike  16  inches  thick,  with  strongly  chilled  margins, 
was  encountered  in  the  north  drift  on  the  main  crosscut  level.  It  is 
a  dark  fine-textured  porphyritic  rock  showing  numerous  pheno- 
crysts  of  hornblende.  Under  the  microscope  hornblende  is  found 
to  be  the  most  abundant  constituent  and  to  form  both  the  pheno- 
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crysts  and  a  large  proportion  of  the  groundmass;  it  is  partly  epi- 
dotized  and  chloritized.  Plagioclase  occurs  interstitially  but  is  ob- 
scured by  sericitization;  some  quartz  is  associated  with  it.  Titanite 
is  a  notable  accessory;  magnetite  occurs  sparingly.  Pyrite  and  cal- 
cite  are  sporadic  secondary  minerals.  Such  a  rock  would  be  desig- 
nated a  spessartite  in  the  classification  of  Rosenbusch.  It  is  prob- 
ably related  to  the  dike  near  the  Portland  mill  described  on  pages 
18-19,  which  was  called  there  a  diorite  porphyry  but  which,  as  can 
be  seen  from  the  description,  has  lamprophyric  characteristics.  The 
dike  at  the  Kensington  mine  was  intruded  before  the  ore  body  was 
formed,  so  that  it  is  of  little  practical  significance. 

The  ore  body  is  not  defined  by  walls.  The  values  vary  with  the 
abundance  of  quartz  veinlets  and  are  said  to  range  from  $3  to  $5  a 
ton  for  the  width  of  80  feet.  The  mill  returns  are  reported  to  have 
shown  the  following  distribution  of  values:  Bullion  6  per  cent,  con- 
centrates 62  per  cent,  tailings  33  per  cent. 


The  Eureka  lode  outcrops  several  hundred  feet  below  the  Kensing- 
ton and  has  been  undercut  by  the  Kensington  tunnel  at  a  depth  of 
approximately  350  feet  below  the  exposed  outcrop  and  1 ,300  feet  from 
the  mouth  of  the  tunnel.  The  geologic  features  are  essentially  similar 
to  those  of  the  Kensington  ore  body,  but  in  form  the  Eureka  is  longer 
and  narrower.  It  is  400  feet  long  on  the  surface  and  where  intersected 
by  the  crosscut  is  from  30  to  40  feet  wide,  consisting  of  a  mass  of 
coarse  diorite  closely  interlaced  with  quartz  stringers.  No  drifting 
has  been  done  along  the  lode  on  the  crosscut  level.  Careful  assays 
across  a  width  of  1 8  feet  are  reported  to  give  a  minimum  value  of  $6.56 
a  ton  for  the  ore  body  as  exposed  in  the  Kensington  tunnel. 

COMET  MINE. 

The  Comet  mine  is  situated  near  the  head  of  Sherman  Creek,  the 
veins  outcropping  at  an  elevation  of  2,300  feet  and  the  main  crosscut 
entering  the  mountain  at  an  elevation  of  1,650  feet.  The  property 
was  located  in  1890  by  six  owners,  who  sold  it  to  Thomas  Nowell 
in  1892.  Developments  began  in  1893,  the  main  crosscut  was  com- 
menced in  1896,  and  the  property  was  operated  until  1901 ;  since  that 
time  it  has  laid  idle,  being  tied  up  by  litigation.  The  improvements 
have  gone  to  ruin,  the  buildings  have  collapsed,  and  the  tunnels  have 
partly  caved  in.  The  underground  developments  were  consequently 
not  accessible  at  the  time  of  visit  in  1909. 

Two  veins  are  exposed  on  the  surface  at  an  elevation  of  2,300  feet. 
They  lie  in  the  diorite  near  the  contact  of  the  slates  and  graywackes 
of  the  Bemers  formation,  strike  N.  5°  E.  and  dip  70°  E.  Their  trend 
is  therefore  nearly  at  right  angles  to  the  contact.     The  veins  are  about 
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60  feet  apart;  the  western  one  appears  to  be  the  larger  and  in  the 
outcrop  is  2  to  3  feet  thick,  though  carrying  relatively  large  horses  of 
diorite.  It  is  a  well-defined  fissure  vein  and,  as  shown  by  the  lower 
levels,  ranges  up  to  8  feet  in  thickness. 

The  main  crosscut,  which  is  connected  by  an  aerial  tramway  5,000 
feet  long  with  the  40-stamp  Kensington  mill,  is  1,900  feet  long.  It 
traverses  a  belt  of  slates,  encountering  a  number  of  intruded  dikes  of 
diorite  porphyry,  penetrates  the  main  mass  of  diorite  at  1,500  feet 
from  the  portal,  and  imdercuts  the  ore  body  at  approximately  600 
feet  below  the  apex.  The  foot-wall  vein  has  been  stoped  out  from 
this  level  to  the  surface.  Drifts  extending  north  and  south  have  been 
driven  on  ten  different  levels  and  range  in  length  from  300  to  500  feet. 
The  vein  is  faulted  at  the  north  and  its  extension  has  not  yet  been 
recovered. 

The  Comet  vein  is  famous  throughout  the  Juneau  district  for  its 
pockety  character.  Masses  of  golden  quartz  difficult  to  break  in 
mining  were  foimd,  and  pockets  containing  $50,000  or  more  in  value 
have  been  extracted,  but  it  is  believed  that  much  gold  has  been  lost 
by  **high  grading."  The  total  recorded  production  is  $460,000,  ex- 
tracted from  50,000  tons  of  ore.  The  ore  yielded  87  per  cent  of  its 
value  in  free  gold  and  5  per  cent  in  the  concentrates. 

JOHNSON  MINE. 

• 

The  Johnson  property  is  situated  high  up  on  the  side  of  the  amphi- 
theater at  the  head  of  Johnson  Creek,  but  is  most  easily  reached  by 
means  of  a  good  trail  starting  from  the  Sherman  Creek  side  of  the 
divide.  The  developments  consist  of  a  ntmiber  of  shallow  surface 
cuts  and  a  ttmnel  situated  at  an  altitude  of  2,500  feet.  The  property 
is  located  near  the  contact  of  the  series  of  amygdaloids  with  the  intru- 
sive diorite,  which  is  coarsely  granular  and  resembles  that  at  the 
Kensington  mine.  .  The  amygdaloids  have  been  greatly  changed  by 
the  eflfects  of  the  diorite  intrusion ;  they  are  cut  by  innumerable  dike- 
lets  and  have  been  recrystallized,  so  that  they  resemble  dark  finely 
granular  diorites,  but  they  contain  nimierous  small  white  oval  areas 
representing  former  amygdules. 

The  ore  body  consists  of  shattered  country  rock  penetrated  by 
quartz  stringers,  forming  a  huge  stockwork  extending  up  a  precipitous 
gulch  from  2,500  feet  to  the  ridge  line  at  an  altitude  of  3,300  feet,  but 
the  upper  portion  is  buried  under  slide  rock.  The  maximum  pyritic 
mineralization  is  exposed  at  the  mouth  of  the  tunnel.  Here  a  len- 
ticular mass  of  fractured  and  somewhat  sheared  diorite,  150  feet  long 
and  30  feet  wide,  forms  a  compact  body  of  ore  in  which  the  quartz 
stringers  are  closely  spaced  and  heavily  impregnated  with  pyrite. 
The  trend  of  the  deposit  as  exposed  on  the  surface  is  N.  15°  W.  The 
tunnel  bears  N.  69**  W.  and  is  75  feet  long.     The  face  is  in  barren 
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diorite,  so  that  the  tunnel  is  not  calculated  to  develop  this  portion  of 
the  ore  body. 

The  zone  of  mineralization  extends  up  the  gulch  as  a  compact 
stringer  lode  6  to  8  feet  thick,  broadening  out  in  places  so  that  the 
individual  stringers  become  widely  spaced.  At  an  altitude  of  2,800 
feet  large,  irregular  bodies  of  quartz  occur  and  veins  and  stringers 
interlace  the  country  rock,  including  both  diorite  and  greenstone, 
through  a  width  of  100  feet  or  more.  The  quartz  here  is  nearly  barren 
of  metallic  sulphides,  contrasting  strikingly  in  this  respect  with  the 
large  amount  shown  at  the  portal  of  the  tunnel.  It  is  reported  that 
commercial  sampling  shows  an  ore  body  1,500  feet  long  and  from  50 
to  70  feet  wide,  having  a  minimum  average  value  of  $3.90  to  the  ton. 

INDIANA  PBOPEBTY. 

The  Indiana  group,  the  property  of  the  Alaska  Gold  Mining  Com- 
pany, is  situated  on  Johnson  Creek,  three-quarters  of  a  mile  northwest 
of  the  Jualin  mine.  It  was  located  in  1896,  after  the  Jualin  had  been 
opened,  and  was  acquired  by  the  company  in  1897.  During  the  latter 
year  most  of  the  present  improvements  were  made.  A  10-stamp  mill 
and  accessory  buildings  were  erected  and  a  steel  water  pipe  line  sev- 
eral thousand  feet  in  length  was  laid.  The  mill  has  never  been  oper- 
ated, and  it  and  the  buildings  have  been  demolished  by  winter  snows. 

Three  tunnels  have  been  driven  into  the  diorite  country  rock  in 
the  attempt  to  develop  the  property.  The  lowermost  and  main 
tunnel  is  1,100  feet  long  and  trends  S.  63°  W.;  at  1,000  feet  from  the 
entrance  drifts  aggregating  500  feet  in  length  have  been  driven  to 
the  southeast  and  northwest.  They  follow  a  vertical  shear  zone 
approximately  10  feet  thick,  along  which  the  diorite  has  been  reduced 
to  a  green  schist.  Neither  quartz  veiuation  nor  other  mineralization 
appears  along  this  zone.  Other  belts  of  sc^histose  diorite  (one  nearly 
100  feet  in  width)  have  been  crosscut  by  the  mahi  tunnel.  They 
let  in  large  quantities  of  surface  water.  A  narrow  lode  of  quartz 
stringers  was  encountered  60  feet  from  the  mouth,  but  owing  to  its 
proximity  to  the  surface  it  can  not  be  explored  by  drifting.  The 
quartz  contains  considerable  pyrite,  which  is  crj'stallized  in  large 
octahedrons,  and  some  chalcopyrite.  A  second  tunnel  100  feet  above 
the  lower  tunnel  is  900  feet  long,  and  the  uppermost,  100  feet  still 
higher,  is  400  feet  long;  but  neither  has  encountered  any  ore. 

JTJALIN  MINE. 

The  Jualin  mine  is  situated  on  Johnson  Creek  at  an  altitude  of  750 
feet,  and  is  connected  with  tidewater  at  the  head  of  Berners  Bay 
by  a  horse  tramway  4  miles  long.  Supplies  can  be  lightered  at  high 
tide  from  deep  water  in  Jualin  Cove  to  the  wharf  at  the  terminus  of 
the  tramway.     The  mine  was  located  in  1896  by  Frank  Cook  and 
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was  purchased  in  the  same  year  by  the  Jualin  Mines  Company,  which 
opened  the  property  and  operated  the  mine  continuously  until  1901. 
By  that  time  the  larger  part  of  the  ore  lying  above  the  adit  level  had 
been  worked  out,  and  deeper  development  was  effected  by  winzes 
sunk  from  drifts  on  the  drainage  level.  Heavy  inflow  of  surface 
water  impeded  the  extraction  of  the  ore  on  the  deeper  levels,  and  the 
mine  has  been  operated  only  intermittently  since  1901.  In  1906 
the  tramway  was  built  to  facilitate  transportation  to  the  mine. 
During  1909  the  mine  was  idle,  but  it  is  now  planned  to  develop  the 
property  systematically.  With  this  end  in  view  it  is  proposed  to 
sink  a  shaft  during  1910  in  the  hanging-wall  side  of  the  lode. 

A  10-stamp  mill  equipped  with  Frue  vanners  and  operated  by 
water  power  is  situated  on  the  bank  of  Johnson  Creek  below  the 
portal  of  the  working  adit  of  the  mine. 

The  apex  of  an  ore  body  on  the  Jualin  property  was  discovered 
outcropping  in  a  rounded,  glacially  smoothed  knob  of  diorite  pro- 
jecting through  the  mat  of  moss  and  vegetation  that  generally 
obscures  all  bed  rock  in  the  valley  of  Johnson  Creek.  The  country 
rock  at  the  Jualin  mine  is  a  massive  diorite  of  fairly  fine  grain  and  is 
composed  of  plagioclase  feldspar,  small  prisms  of  hornblende,  and 
flakes  of  biotite.  Even  in  the  freshest  looking  rock  many  of  the 
feldspars  can  be  seen  to  have  a  delicate  green  tint.  In  addition  to 
these  minerals,  which  are  visible  to  the  eye,  the  microscope  shows  that 
orthoclase  and  quartz  are  present  in  some  amount  and  that  therefore 
the  rock  approaches  a  granodiorite  in  composition.  The  rock  has 
evidently  been  permeated  by  mineral-bearing  solutions,  and  owing 
to  the  chemical  activity  of  those  waters  the  primary  minerals  have 
suffered  considerable  alteration.  Epidote,  chlorite,  the  scaly  green 
mica  sericite,  and  calcite  have  been  formed  at  their  expense.  This 
alteration  is  of  course  most  pronounced  in  proximity  to  the  veins, 
where  in  some  places  a  complete  transformation  of  the  diorite  has 
occurred,  and  none  of  the  original  minerals  have  remained  intact. 

Three  parallel  veins  spaced  75  feet  apart  on  the  adit  level  have  been 
exploited.  They  trend  N.  40°  W.  and  dip  steeply  to  the  northeast 
at  angles  ranging  from  60°  to  90°.  The  foot-wall  or  west  vein,  as 
it  is  called,  has  proved  to  be  the  most  valuable.  It  has  been  exposed 
for  400  feet  in  length  and  has  averaged  5  feet  in  width.  It  has  been 
developed  by  winzes  to  a  depth  of  200  feet  below  the  adit  level.  At 
the  southeast  end  of  the  drift  on  the  adit  level  the  vein  has  com- 
pletely pinched  out  and  the  diorite  at  the  face  is  firm  and  massive; 
before  pinching,  the  dip  is  abruptly  reversed  to  a  flatter  angle  and 
the  vein  apparently  loses  itself  in  a  zone  of  crushed  diorite.  About 
50  feet  to  the  northwest  along  the  trend  the  vein  is  16  to  24  inches 
thick  and  the  hanging  wall  is  splendidly  defined,  dipping  steeply  to  the 
northeast;  the  foot-wall  is  marked  by  a  closely  foliated  green  schist 
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produced  by  the  mashing  of  the  diorite.  That  this  crushing  took 
place  prior  to  the  filling  of  the  vein  is  proved  by  the  fact  that  the 
quartz  near  the  foot-wall  incloses  fragments  of  the  schist.  From  this 
point  the  vein  abruptly  expands  to  10  feet  in  width.  Part  of  this 
increased  thickness  seems  to  be  due  to  movement  along  a  fault  plane 
traversing  the  vein  at  a  narrow  angle  with  the  trend  of  the  vein. 
Faults  of  small  displacement  have  been  encountered  at  other  points 
in  the  mine,  but  have  occasioned  no  difficulties  in  the  exploitation  of 
the  ore  bodies. 

The  middle  vein  as  exyjosed  in  the  main  adit  shows  well-defined 
walls,  which  break  clean,  but  the  vein  is  only  IS  inches  thick  at  this 
point  and  consists  of  quartz  and  partly  replaced  diorite.  The  dip  is 
rather  flat — 30^  N.  More  or  less  shattered  country  rock  adjoins  the 
vein  and  is  penetrated  by  sporadic  stringers  of  quartz.  The  next  120 
feet  of  the  adit  is  driven  on  a  shear  zone  of  irregular  width  ranging 
from  4  to  8  feet ;  quartz  is  present  only  as  stringers.  The  dip  of  the 
ore  body  gradually  steepens,  and  at  120  feet  a  large  body  of  quartz  was 
encountered  which  averaged  10  feet  in  width  throughout  its  length 
of  400  feet.  This  vein  has  vielded  several  thbusand  tons  of  ore  in 
past  years,  but  its  value  is  said  to  be  too  low  to  warrant  further 
extraction. 

The  third  or  hanging-wall  vein  is  4  to  5  feet  thick  and  is  of  some- 
what better  grade  than  the  second  ore  body.  It  is  characterized  by 
a  clean,  well-defined  hanging  wall,  but  the  foot-wall  is  less  regular 
and  is  reticulated  by  a  considerable  number  of  quartz  veinlets,  which 
are  accompanied  by  an  impregnation  of  the  diorite  with  cubical 
pyrite. 

The  quartz  of  the  veins  is  of  milk-white  color  and  open  texture 
and  is  characterized  by  the  presence  of  numerous  dnises  or  small 
vugs,  into  which  terminated  Cjuartz  crystals  project.  Metallic  sul- 
phides are  present  in  considerable  abundance  and  consist  mainly  of 
pyrite,  chalco})yrite,  and  galena.  Black  sphalerite  occurs  also,  but  is 
extremely  rare.  Free  gold  is  not  uncommon  and  seems  to  be  asso- 
ciated particularly  with  the  chalco])yrite,  in  which  it  is  usually 
embedded.  The  ore  and  wall  rock  show  to  some  extent  the  oxidizing 
effect  of  surface  waters,  as  indicateil  by  the  presence  of  red  iron 
ocher  and  of  malachite  and  azuritc,  though  the  copper  carbonates 
are  comparatively  rare.  Free  gold  can  be  found  here  and  there  in  the 
midst  of  small  masses  of  iron  oxide,  where  it  has  undoubtedly  been 
freed  by  the  oxidation  of  the  pyritic  mineral  that  originally  inclosed  it. 

The  oxidation  affecting  the  upper  parts  of  the  lodes  is  of  postglacial 
origin  and  is  comparatively  feeble.  The  products  of  any  earlier 
oxidation  and  enrichment  of  the  outcrops  of  the  lodes  have  been 
swept  away  by  the  powerful  glacial  erosion  to  which  the  region  was 
subjected.     These   facts — the    lack    of   oxidation   and    the   glacial 
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erosion — make  it  probable  that  the  distribution  of  the  gold  in  the 
veins  has  undergone  only  slight  rearrangement  from  the  action  of 
descending  solutions  and  that  therefore  the  tenor  of  the  ore  is  not 
likely  to  decrease  with  depth. 

FBEMMINa  PBOPEBTY. 

The  Fremming  property  is  situated  on  Johnson  Creek  about  a  mile 
below  the  Jualin  mine.  The  valley  floor  at  this  point  is  mantled  by 
several  feet  of  gravel  and  black  soil  covered  with  sod.  Stripping 
shows  that  the  bed  rock  is  glacially  polished  and  striated.  Near  the 
blacksmith  shop  an  intrusion  contact  of  the  Jualin  diorite  with  a 
series  of  green  schists  is  exposed.  Small  dikes  of  diorite  penetrate 
the  schist,  which,  if  the  relations  were  not  clearly  showi),  might  be 
regarded  as  a  chloritic  schist  produced  by  dynamic  metamorphism 
of  the  diorite  itself.  Both  the  diorite  and  the  green  schist  are  inter- 
laced with  irregular  quartz  stringers. 

A  shaft  85  feet  deep  has  been  sunk  near  the  contact  in  the  green 
schists.  The  main  development  consists  of  a  crosscut  tunnel  360 
feet  long,  commencing  on  the  east  bank  of  Johnson  Creek  and  trend- 
ing N.  28®  E.  A  short  drift  connects  the  crosscut  tunnel  with  the 
bottom  of  the  shaft.  The  tunnel  crosscuts  a  nearly  vertical  series 
of  green  schists.  These  are  derived  from  slates  and  graywacke- 
slates  of  the  Bemers  formation  and  owe  their  stronger  green  color 
to  a  greater  abimdance  of  chlorite  in  them.  Near  the  end  of  the  cross- 
cut a  belt  of  schists  is  irregularly  penetrated  by  stringers  across  a 
width  of  6  feet.  The  veinlets  and  j)artly  replaced  chloritic  rock 
consist  of  quartz  and  calcite  containing  pyrite,  chalcopyrite,  galena, 
resinous  sphalerite,  and  free  gold .  Rich  specimen  ore  can  be  obtained, 
but  the  present  developments  are  inadequate  to  show  whether  a  body 
of  milling  ore  exists. 

OBEEK  BOY  PBOPEBTY. 

The  Greek  Boy  ])ropertv  is  situated  4  miles  north  of  the  tidewater 
terminus  of  the  Jualin  tramway  and  half  a  mile  from  Berners  River. 
It  is  the  lowest  lying  property  in  the  region,  the  principal  workings 
being  only  100  feet  above  sea  level. 

The  main  development  consists  of  a  tunnel  nearly  700  feet  long, 
trending  northwest.  For  the  first  few  hundred  feet  it  makes  a  narrow 
angle  with  the  strike  of  the  lode ;  the  last  300  feet  is  driven  on  the  lode. 
The  ore  body^  follows  the  contact  of  the  quartz  diorite  gneiss  with 
the  basalts,  which  are  here  thoroughly  schistose,  and  is  a  strong 
stringer  lode  bounded  by  definite  walls.  It  stands  nearly  vertical, 
dipping  steeply  to  the  south.  The  hanging  wall  is  a  black  horn- 
blende schist,  which  the  microscope  shows  to  be  composed  mainly 
of  hornblende  and  some  plagioclase. 
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The  first  rock  encountered  on  entering  the  tunnel  is  a  gneissic  or 
schistose  diorite  consisting  of  numerous  white  rounded  feldspars 
embedded  in  a  black  matrix  made  up  of  hornblende  and  biotite. 
With  increasing  proximity  to  the  lode  this  rock  becomes  finer  grained 
and  nearly  barren  of  dark  minerals.  As  the  lode  lies  along  the 
contact  of  an  intruded  formation,  this  change  means  that  the  rock  is 
a  marginal  phase  of  the  diorite,  a  change  noted  in  other  parts  of  the 
field  where  it  is  not  obscured,  as  it  is  here,  by  the  subsequent  altera- 
tions })roduced  by  vein-forming  solutions. 

The  lode  consists  of  the  schistose  marginal  phase  of  the  diorite 
reticulated  with  quartz  stringers,  forming  in  places  an  ore  body  of 
nearly  solid  quartz.  At  other  places  considerable  country  rock  is 
included  in  the  lode.  The  thickness  ranges  from  4  to  9  feet  and 
averages  perhaps  7  feet.  The  only  metallic  mineral  noted  in  the 
quartz  is  pyrite,  and  this  is  present  in  sparse  amount  only. 
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MINERAL  RESOURCES  OF  JOHNSTOWN,  PENNSYLVANIA, 

AND  VICINITY. 


By  W.  C.  Phalen  and  Lawrence  Martin. 


INTRODUCTION. 

This  report  is  one  of  a  number  of  bulletins  and  geologic  folios 
containing  the  results  of  geologic  investigations  carried  on  by  the 
United  States  Geological  Survey  in  cooperation  with  the  Topographic 
and  Geologic  Survey  Commission  of  Pennsylvania.  Several  papers 
based  on  this  work,  for  which  the  State  paid  one-half  the  cost,  have 
been  or  will  soon  be  published  by  the  State;  others  are  in  prepara- 
tion for  publication  by  the  United  States  Geological  Survey. 

The  field  work  on  which  this  bulletin  is  based  was  done  in  the 
smnmer  of  1906  by  W.  C.  Phalen,  assisted  by  Lawrence  Martin. 
George  H.  Ashley,  imder  whose  supervision  the  work  was  done, 
visited  the  field  and  went  over  some  of  the  more  critical  points'. 

GEOGRAPHY. 

Location. — The  Johnstown  quadrangle  is  situated  in  southwest- 
central  Pennsylvania,  mostly  in  Cambria  Coimty,  but  extending  also 
over  small  parts  of  Somerset,  Westmoreland,  and  Indiana  counties. 
(See  PI.  I,  pocket.)  Its  area  is  about  228  square  miles.  It  lies  near 
the  eastern  edge  of  the  Allegheny  Plateau  province  and  near  the 
northeastern  edge  of  the  great  bitimiinous  coal  field  that  extends 
from  the  southern  part  of  New  York  to  northern  Alabama;  its  position 
in  this  field  is  shown  in  Plate  II. 

Commercial  geography, — ^This  quadrangle  lies  in  the  plateau  region 
west  of  the  Allegheny  Front.  Its  most  important  streams  are  Cone- 
maugh  River  (formed  by  the  union  of  Stony  Creek  and  Little  Cone- 
maugh  River  at  Johnstown),  Blacklick  Creek  and  its  South  Branch, 
and  South  Fork  of  Conemaugh  River.  Conemaugh  River  has  long 
afforded  one  of  the  most  available  highways  of  commimication  across 
the  region  from  the  coast  to  the  Middle  West;  the  first  railroad  (the 
old  Portage  and  Canal  route)  and  the  main  line  of  the  Pennsylvania 
Railroad  have  both  used  this  valley.    The  development  of  the  iron 
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resources  of  the  region  was  thus  early  stimulated,  and  in  turn  an 
impetus  was  given  to  the  development  of  the  coal  resources,  until  at 
the  present  time  Johnstown  and  the  neighboring  towns  are  among 
the  leading  coal  and  iron  centers  of  western  Pennsylvania. 

Stony  Creek  flows  northward,  in  its  course  forming  part  of  the 
boundary  between  Somerset  and  Cambria  counties,  this  part  of  its 
course  lying  entirely  within  the  Johnstown  Basin.  The  South  Fork 
of  Conemaugh  River  heads  near  the  summit  of  Allegheny  Moimtain, 
near  the  Cambria-Bedford  county  hne  in  the  Ebensburg  quadrangle, 
which  adjoins  the  Johnstown  quadrangle  on  the  east.  South  and 
North  branches  of  Blacklick  Creek  join  near  Vintondale  and  the  main 
stream  continues  westward  along  the  northern  edge  of  the  area.  In 
a  general  way  the  drainage  of  the  quadrangle  nows  from  east  to 
west.  The  main  structural  and  to  a  less  noticeable  extent  the  main 
topographic  features  trend  northeast  and  southwest.  The  drainage 
and  structure  thus  intersect  at  a  fairly  large  angle — a  condition  which 
has  proved  of  vast  economic  importance,  for  it  has  resulted  in  the 
cutting  of  deep  valleys  and  the  exposing  of  valuable  clay  and  coal 
beds.  Moreover,  it  has  made  possible  the  exploitation  on  a  large 
scale  of  the  mineral  wealth  by  drifting  along  the  outcrop — a  much 
safer  and  cheaper  method  than  shafting  and  one  tending  to  the  most 
rapid  development  of  a  coal  region.  The  streams  have  determined 
the  location  of  the  local  railway  systems  and  have  made  their  con- 
struction fairly  easy. 

TOPOGRAPHY. 

RELIEF. 

The  form  of  the  surface  of  the  Johnstown  quadrangle  bears  a  close 
and  striking  relation  to  the  geology  and  structure.  The  highest 
points  in  the  area  are  along  the  crest  of  liaurel  Ridge,  which  south 
of  Conemaugh  River  is  more  than  2,700  feet  high  at  a  few  points. 
Laurel  Ridge  is  a  structural  feature — that  is,  it  is  dependent  on  the 
character  of  the  rocks  brought  to  the  surface  by  the  structure.  These 
are  largely  the  sandstones  of  the  Pocono  and  Pottsville  formations. 
Where  rocks  of  this  character  cover  the  surface  the  country  is  wild 
and  surface  cultivation  is  out  of  the  question.  Farther  north  along 
the  ridge  the  sandy  sediments  dip  below  drainage  level  and  the  rocks 
of  the  Allegheny  formation  C^ Lower  Productive  Coal  Measures**)  and 
the  Conemaugh  formation  (^* Lower  Barren  Coal  Measures*')  appear 
in  the  hills,  as,  for  instance,  along  South  Branch  of  Blacklick  Creek. 
The  changes  in  vegetation  and  general  conditions  accompanying  the 
gradual  disappearance  of  the  sandy  beds  below  the  surface  are  notice- 
able north  of  South  Branch  of  Blacklick  Creek,  and  in  this  region  the 
country  is  almost  all  under  cultivation. 

In  the  southeast  comer  of  the  quadrangle  the  highest  hills  are  a 
little  more  than  2,700  feet  high.     Here  also  the  beds  are  involved  in 
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the  structural  uplift  along  the  front  of  Allegheny  Mountain,  and  the 
rocks  along  the  crest  of  the  mountain  are  chiefly  the  same  sand- 
stones as  occur  on  Laurel  Ridge. 

The  lowest  points  in  the  area  are  on  Conemaugh  River,  at  the  west- 
ern edge  of  the  quadrangle.  At  Conemaugh  Furnace  station  the 
elevation  is  1,134.64  feet.  The  extremes  in  the  topography  are  well 
brought  out  near  by,  for  Conemaugh  River  in  descending  from  1,185 
feet  at  Johnstown  to  1,135  feet  at  Conemaugh  Furnace  flows  through 
a  gorge  the  hills  on  either  side  of  which  rise  1,600  feet  higher. 

The  greater  portion  of  the  area  has  an  elevation  between  the 
extremes  given  above.  In  detail  the  surface  is  decidedly  hilly,  but 
most  of  the  hill  slopes  are  rather  gentle,  especially  back  from  the 
main  drainage  channels.  The  badly  dissected  character  of  the  ridge 
has,  however,  an  important  bearing  on  the  availability  and  exploita- 
tion of  the  natural  resources  of  the  region.  There  is  very  Uttle  level 
land  in  the  quadrangle,  what  there  is  being  confined  almost  solely  to 
the  lower  stretches  of  Blacklick  Creek  in  Indiana  County. 

Points  of  equal  elevation  are  represented  on  the  contour  map  by 
light-brown  lines,  which  really  represent  the  intersections  of  hypo- 
thetical horizontal  planes  with  the  surface  of  the  country.  They  are 
placed  20  feet  apart  and  indicate  the  *'lay  of  the  land''  with  great 
precision. 

ST7RVEYS. 


TbomaB 


Ebenaftrur^ 


TRIANGULATION   STATIONS. 

The  topographic  work  for  the  map  of  the  Johnstown  quadrangle 
(PI.  I)  is  based  on  triangulation 
stations  established  by  the  United 
States  Geological  Survey  wthin  the 
boundaries  of  the  quadrangle  or 
comparatively  near  its  borders  to 
the  east*and  north.  (See  fig.  1.) 
Descriptions  of  the  exact  locations 
of  these  triangulation  stations  are 
given  below: 

CHZOKAaSS,  CAMBRIA  GOXTHTY. 

On  a  cleared  knob  in  the  central 
part  of  Jackson  Township,  10  miles 
by  road  westward  from  Ebensburg, 
300  vards  south  of  the  Chickaree 
Hill  schoolhouse. 

Station  mark:  A  marble  post  34  by  6  by  6  inches  set  32  inches  in 
the  ground,  in  the  center  of  top  of  which  is  countersunk  and  cemented 
a  bronze  triangulation  tablet. 


ShcrUne 


FiOTTBX  1.— 43ketdi  map  showing  location  of  tri- 
angulation stations  on  which  survey  of  Johns- 
town quadrangle  is  baaed. 


12       MINERAL   RESOURCES  OF   JOHNSTOWN,   PA.,   AND  VICINITY. 


[LaUtude  40*  26'  38.97''. 

Longitude  78*  52^  48.29''.] 

To  station— 

Azlrouth. 

Back  asimath. 

Log.dis- 
tanoe. 

Rbensbnrg , .  ...     ... 

251    24    48.82 
292    00    35.81 
318    31    1&78 

71    30    51.47 
112    04    41.22 
138    37    47.50 

iiOert. 

4.1425539 

Wesa 

3.9833693 

Fye 

4.3303852 

^ 

EBEKSBmBLO.  CAMBRIA  COXTHTT. 


Station  is  center  of  cupola  of  courthouse  in  Ebensburg. 
Station  mark:  Center  of  cupola. 


[latitude  40*  29*  02.07".    Longitude  78*  43'  29.50".) 


To  station- 

Aslmuth. 

Back  oximuth. 

Log.  dis- 
tance. 

Thomas  

156    58    25.25 

185    49    38.40 

248    52    46.94 

270    56    22.25 

0    52    21.75 

27    55    04.38 

71    30    51.47 

336    57    06.21 

5    50    15.62 

69    03    52.34 

91    03    22.64 

180    52    15.82 

207    53    07.38 

251    24    48.82 

UeUrt. 

3.8644894 

Carrolltown 

4.1222362 

WoDsononock 

4. 4120176 

Tunnel  Hill 

4.1833793 

Sherbine 

4.1515885 

Wess 

3.9681867 

Chickaree 

4.1425539 

WESS,  CAMBRIA  COXTHTT. 

In  the  northern  portion  of  Croyle  Township,  8  miles  southwest  of 
Ebensburg,  1  mile  west  of  New  Germany,  in  a  pasture  owned  by  Leo 
Wess.     Theodolite  elevated  35  feet. 

Station  mark:  A  marble  post  36  by  6  by  6  inches  set  32  inches  in 
the  ground,  in  the  center  of  the  top  of  which  is  countersunk  and 
cemented  a  bronze  triangulation  tablet. 

Reference  mark:  Line  fence  due  north  44  feet  distant.  Center  of 
big  dead  tree,  N.  65°  W.  (magnetic),  31  feet  distant. 

[Latitude  40*  24'  41.86".    Longitude  78'  46'  29.85".] 


To  .station— 

Azimuth. 

Back  azimuth. 

Log.  dis- 
tance. 

Chickaree 

112    04    41.22 
185    20    37.23 
207    53    07.38 
326    41    29.11 
337    09    43.27 

9               f                  tf 

292    00    35.81 

5    21    15.32 

27    55    04.38 

146    43    20.03 

157    12    06.81 

Metert, 
3.9633003 

Thomas 

4. 1710473 

Ebensburg 

3.0561867 

Sherbine 

3.8666773 

Fye 

4.1290536 

SKE&BIinE.  CAMBRIA  GOTTKTT. 

On  a  small  hill  having  scattering  locust  trees  on  its  summit,  in 
Croyle  Township,  about  one-fourth  mile  west  of  the  Sunmierhill 
Township  line,  2  miles  southwest  of  Wilmore,  2  miles  southeast  of 
Summerhill  post-office,  on  land  of  Aaron  Sherbine.  Theodolite 
elevated  28  feet. 
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Station  mark:  A  marble  post  36  by  6  by  6  inches  set  32  inches  in 
the  ground;  in  the  center  of  top  of  which  is  countersunk  and  cemented 
a  bronze  triangulation  tablet. 


[Latitude  «•  21'  22.50".    Longitude  78*  43'  38.85".] 


To  station- 


Wess 

EbensburK. 
Tunnel  Hill 
Fyo 


Azimuth. 


146  43  20.03 

180  52  15.82 

228  00  07.85 

349  15  37.33 


Back  azimuth. 


Log.  dis- 
tance. 


326  41  29.11 

0  52  21.75 

48  07  13.50 

169  16  09.96 


Metert. 
3.8666773 
4. 1515885 
4. 3183273 
3.8058254 


FYS,  CAMBRIA  COXriTTT. 

[Not  occupied.] 

A  cleared  ridge  known  as  the  Fye  place,  owned  by  the  Mountain 
Coal  Company,  in  Adams  Township,  6  miles  south  of  Summerhill  and 
7  miles  southeast  of  South  Fork. 

Station  mark:  A  marble  post  36  by  6  by  6  inches  set  32  inches  in 
the  ground,  in  the  center  of  top  of  which  is  countersunk  and  cemented 
a  bronze  triangulation  tablet. 

Reference  mark:  The  lone  locust  signal  tree  4  feet  north  of  station 
mark. 

[Latitude  40*  17'  58.79".    Longitude  78*  42'  48.19".] 


To  station- 


Chickaree 
Wess:.... 
Bherblne. 


Azimuth. 


138  37  47.50 
157  12  06.81 
169    16    09.98 


Back  azimuth. 


318  31  18.78 
337  09  43.27 
349    15    37.33 


Log.  dis- 
tance. 


Meter*. 
4.3303852 
4.1299536 
3.8058254 


SPIRIT   LEVELING. 


The  topography  of  the  Johnstown  quadrangle  is  shown  on  Plate  I 
by  buff-colored  contour  Knes  based  on  precise  levels  run  by  the  United 
States  Geological  Survey.  In  running  these  levels  numerous  bench 
marks  were  established,  their  elevations  being  based  on  an  aluminum 
tablet  in  the  foundation  of  the  Seventh  Avenue  Hotel,  Pittsburg,  Pa., 
marked  "  738  Pittsburg,  1899,"  the  elevation  of  which  is  now  accepted 
as  738.384  feet  above  mean  sea  level.  The  initial  points  on  which 
these  levels  depend  are  various  bench  marks  along  the  precise-level 
lines  of  the  Pennsylvania  Railroad,  the  accepted  heights  having  been 
determined  by  the  1903  adjustment. 

The  work  on  the  Johnstown  quadrangle  was  done  by  Mr.  George 
Seidel,  levelman,  in  1902. 
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The  descriptions  and  elevations  of  these  bench  marks  are  given 
below: 

Johnsiorvn  south  along  Baltimore  and  Ohio  Railroad  to  Ingleside. 

Feet 
Johnstown,  at  west  end  of  north  parapet  of  railroad  bridge;  copper  bolt 

(Pennsylvania  Railroad  bench  mark) 1, 180.  27 

Johnstown,  east  end  of  south  parapet  of  Pennsylvania  Railroad  bridge; 

aluminum  tablet  stamped  "1180  PITTS" 1, 180.  261 

Johnstown,  railroad  ticket  oflBce,  on  window  sill;  chiseled  shelf  (Pennsyl- 
vania Railroad  bench  mark) 1, 187. 60 

Johnstown,  road  crossing  at  Pennsylvania  Railroad  station ;  top  of  rail 1, 184 

Johnstown,  in  front  of  Baltimore  and  Ohio  Railroad  station;  top  of  rail 1, 169 

Stony  Creek,  road  crossing  at  station;  top  of  rail 1, 194 

Johnstown,  3  miles  south  of,  Baltimore  and  Ohio  Railroad  and  trolley  grade 

crossing;  top  of  rail 1, 191 

Kring,  road  crossing  at  station;  top  of  rail 1, 241 

Ingleside,  700  feet  north  of,  northeast  comer  of  small  railroad  bridge;  cop- 
per bolt  marked  "1275  PITTS" 1, 275.  610 

Ingleside  northeast  along  Pennsylvania  Railroad  via  Elkton  to  Saliz. 

Scalp  Level,  0.45  mile  north  of,  west  side  of  track,  75  feet  west  of  tool  house, 
in  large  sandstone;  aluminum  tablet  stamped  **  1719  PITTS  " 1, 719.  225 

Salix,  870  feet  north  of  station,  under  Pennsylvania  Railroad  culvert,  west 
wall;  bronze  tablet  stamped  *  *  2050  PITTS  " 2, 04fl.  455 

Salix,  railroad  bridge  at  station,  north  parapet,  east  end;  aluminum  tablet 
stamped  "  2077  PITTS" 2, 077.  762 

Seward  northeast  along  Pennsylvania  Railroad  via  VintondaU  and  Nanty  Glo  to 

Ehensburg. 

Seward,  0.17  mile  west  of  V.  K.  tower,  railroad  bridge  No.  226  over  Piney 
Run,  north  parapet,  east  end  of  arch ;  copper  bolt  (Pennsylvania  Railroad 

bench  mark) 1, 091.  571 

Seward,  doorstep  of  waiting  room  of  station;  copper  bolt  marked  "1122 

U.  S. " 1, 122. 145 

Seward,  crossing  at  station;  top  of  rail 1, 120 

Wehrum,  crossing  at  station;  top  of  rail 1, 360 

Vintondale,  150  feet  east  of  station,  iron  bridge,  south  end  of  west  abutment; 

aluminum  tablet  stamped  "1403  PITTS  " 1 ,  402.  741 

Twin  Rocks,  crossing  at  station;  top  of  high  rail 1, 668 

Nanty  Glo,  200  feet  south  of  station,  iron  bridge,  west  end  of  north  abutment; 

bronze  tablet  stamped  "1706  PITTS" 1,705.761 

Nanty  Glo,  crossing  at  station ;  top  of  high  rail 1,  710 

Beulah  Road,  in  front  of  station;  top  of  rail 1, 894 

STRATIGRAPHY. 

QENEBAL  STATEMENT. 

The  surface  rocks  in  the  Johnstown  quadrangle  are  entirely  of 
sedimentary  origin,  all  of  them  having  been  deposited  in  or  by  water. 
They  consist  of  sandstones,  shales,  limestones,  and  coal  and  iron-ore 
beds,  the  whole  having  a  thickness  of  approximately  3,100  to  3,200 
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feet.  These  rocks  belong  in  the  Devonian  and  Carboniferous 
systems,  except  for  the  imperfectly  consolidated  gravels  of  the  river 
terraces,  which  are  tentatively  regarded  as  of  Pleistocene  age,  and 
the  recent  alluvium  of  the  flood  plains.  The  Carboniferous  rocks 
are  of  chief  importance,  as  they  contain  the  workable  coals  and  clays. 
All  these  rocks  will  be  described  in  descending  order,  beginning 
with  the  youngest. 

QTJATEBNABY  SYSTEM. 

4 

RECENT  RIVER  DEPOSFTS    (ALLUVFUM). 

The  alluvium  of  the  streams  of  this  area  is  the  youngest  bedded 
deposit.  It  consists  of  fine  material,  chiefly  sand  and  clay,  laid  down 
by  the  present  streams  during  periods  of  high  water,  and  is  present  in 
varying  amounts  along  most  of  the  streams,  though  occupying  as  a 
rule  small  areas  only.  The  most  important  alluvial  area  is  that  at  the 
confluence  of  Conemaugh  River  and  Stony  Creek,  on  which  the  greater 
part  of  the  city  of  Johnstown  and  its  suburbs  is  located.  Other 
important  areas  of  alluvium  are  found  on  BlackUck  Creek  near  the 
northwestern  comer  of  the  quadrangle.  All  the  level  land  in  this 
part  of  the  quadrangle  is  under  cultivation. 

PLEISTOCENE   DEPOSITS. 

Along  Conemaugh  River  and  Stony  Creek  occur  deposits  which 
can  not  be  correlated  strictly  with  the  alluvium  or  recent  flood-plain 
deposits.  This  material,  which  consists  of  rounded  bowlders  varying 
up  to  2  or  3  feet  in  greatest  dimension,  mingled  with  sand  and  clay  in 
small  quantities,  is  found  at  two  or  more  distinct  horizons.  The  lower 
deposit  is  well  developed  along  the  main  line  of  the  Pennsylvania 
Railroad  and  is  shown  in  small  cuts  a  short  distance  east  of  Mineral 
Point.  On  the  Baltimore  and  Ohio  Railroad  a  short  distance  south 
of  the  quadrangle,  north  of  the  mouth  of  Paint  Creek,  near  Kring, 
and  near  the  suburb  of  Roxbury  are  also  excellent  exposures.  At 
the  quarry  of  B.  H.  Campbell,  north  of  Sheridan,  rounded  bowlders 
occur  100  feet  above  the  level  of  the  Pennsylvania  Railroad.  This 
deposit  is  similar  in  all  respects  to  the  lower  one  occurring  along 
Stony  Creek.  These  bowlders  show  in  the  foreground  of  Plate  V,  B 
(p.  28).  The  material  is  considered  to  be  Pleistocene  in  age.  It  has 
no  economic  importance. 
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CABBONIFBBOnS  SYSTEM. 


PENNSYLVANIAN  SERIES. 


CONEMAU6H   FORMATION. 


OBHZRAL  CHARACTER. 


The  Conemaugh  formation  includes  the  rocks  lying  below  the  Pitts- 
burg coal  and  above  the  Upper  Freeport  coal.  A  nearly  complet'e 
section  of  these  rocks  was  obtained  from  drill  records  and  by  hand- 
level  work  along  the  Pennsylvania  Railroad  in  the  deepest  part  of  the 
Wilmore  structural  basin.  The  upper  200  feet  or  so  of  the  section 
represents  barometric  work  along  the  roads  in  the  Ebensburg  quad- 
rangle to  the  east.  It  has  been  thought  advisable  to  give  the  section 
of  the  Conemaugh  thus  obtained  in  this  locality  as  a  matter  of  record, 
but  it  will  be  understood  that  such  a  detailed  section  necessarily  is 
constant  over  a  very  small  area.  Some  of  the  sandstones,  for  instance, 
die  out  completely  within  a  short  distance  and  other  lentils  appear 
in  the  section  either  slightly  higher  up  or  lower  down.  In  general, 
local  names  are  applied  to  such  sandstone  lentils  where  their  position 
is  known  to  be  fairly  well  defined  in  the  geologic  column. 

The  section  of  the  Conemaugh  formation  is  as  follows: 

Section  of  the  Conemaugh  formation  in  the  Wilmore  Basin  J' 


Samlstones  and  sandv  shale  lavers  with  Intercalated  limestones. 
Shale '. .■ 


Sandstone  (Wilmore) 
Shale 


Limestone,  sandy 

Shale,  gTPen,  weatherinj?  to  clay 

Shale,  dark  drab 

Sandstone,  containing  a  10  to  12  inch  limestone  laver  and  with  a  possible  coal  bloom. . 
Shale ". 


Limestone . . 
Shale,  green. 
Limestone. . 
Shale,  concretionary. 
FIrei 


I  clay 


Shale,  concretionary . 

Shale,  olive 

Shale,  dark 

Sandstone 


Shale,  blue-black 

Limestone 

Shale 


Sand5tone  (Summerhili) 

Shale,  with  sandy  and  limeslone  layers 

Sandstone,  shaly 

Shale,  dark  blue,  weathering  like  sandstone. 
Sandstone 


Limestone 

Limestone  grading  into  sandstone? 

Sandstone,  hard ,  gray . . ) 

Shale [Morgantown  ("  Ebensburg  ")  sandstone  member. 

Sandstone,  hard,  gray . .  | 

Shale,  sandy 

Sandstone 


Thick- 
ness. 


TotaL 


Ft. 

in. 

Ft.    in. 

200 

200 

20 

220 

17 

237 

5 

242 

2 

244 

23 

207 

15 

282 

6 

288 

10 

298 

9 

307 

G 

313 

I 

314 

2 

316 

1 

317 

4 

321 

1 

322 

10 

333 

1 

333 

3 

336 

3 

339 

20 

359 

45 

404 

30 

434 

25 

459 

25 

484 

2 

48G 

3 

489 

f) 

495 

25 

520 

3J 

520   3} 

7 

5^ 

527   9 

3 

2 

530  11 

5 

1 

536 

a  First  200  feet,  barometric  measurements  along  roads;  .section  hand-leveled  from  200  to  495  feet;  below 
495  feet  record  obtained  from  a  bore  hole  on  the  Pennsylvania  Railroad  opposite  the  signal  tower  between 
Wilmortt  and  Summerhili. 
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Section  of  the  Conemaugh  formation  in  the  WUmore  Bagin — Continued. 


Shale. 


Coal  (called  600-foot  rider  owing  to  its  position  at  about  600  feet  above  the  Lower 

Kittanning  or  B  coal) , 

Shale 


Shale,  red. 
Shale 


Sandstone  and  shale 

Shale,  calcareous 

Shale  with  calcareous  and  clay  streaks . 

Shale,  sandy 

Shale 


Shale,  calcareous. 

Shale,  sandy 

Sandstone. 


Shale,  with  bony  streaks. 
Sandstone. 


Shale. 
Shale,  sandy. 

Sandstone ^Buffalo  sandstone  member. 

Slate  and  sandstone. 

Sandstone  with  oongomerlate  layers. 

Slate 


;!■ 


Slate,  sandy . 
Slater 


Slate,  sandy. 
Shale 


Thick- 
ness. 


Ft.  in, 
9     2i 


Slate,  sandy. 
Slate 


Sandstone 4 

Shale 

Shale,  red 

Sandstone 

Shale 

Sandstone 

Shale  with  sandstone  layers. 

Sandstone 

Slate 

Sandstone 

Slate 

Top  of  Upper  Freeport  coal. 


Total. 


Ft.  i». 
545     2| 


546       I 

575  2 
581  % 
588  10 
607  2: 
613  10 
627 

635    10 
639      3 
646       2 
654 
685 
685 
701 
706 


i2| 


725  2 
753  3i 
765  6 
820  9 
825 

832   6 
861 
868 
869 
874 


1 

885   8 
889 


899 
904 
914 


3 
2 
5 


^ 


922  8 

935 

946  1 

947  10 
949  1 
959  2 
964  2 


With  this  section  may  be  compared  the  following  section  of  a  part 
of  the  Conemaugh,  measured  by  John  Fulton,  in  Prossers  Knob,  near 
Johnstown:** 

Section  o/part  of  the  Conemaugh  formation  in  Prossers  Knohy  near  Johnstown. 

Ft.    in. 

Stone  quarry;  sandstone 20 

Shales,  olive 17 

Shales,  diab 18 

Sandstone,  thin  bedded 10 

Shales 8 

Iron  ore,  siliceous 3 

Shales,  olive  and  drab 68 

Shales,  red 10 

Shales,  olive 12 

Slate  and  sandstone 10 

Sandstone,  white 26 

Shales,  drab 13 

Sandstone,  maasive,  drab,  forming  cliff 20 

Coal 3 


a  Second  Oeol.  Survey  Pennsylvania,  Rept.  H2,  p.  97. 
69516'— Bull.  447—11 2 
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Ft.    in. 

Shale,  drab 4 

Sandstone,  drab 7 

Slates 2 

Johnstown  iron-ore  seam 2 


Shales,  flesh  and  drab  colored . 

Shales,  iron  stained 

Iron  ore 

Fire  clay 

Shales,  soft,  drab 

Fire  clay  and  shales 

Shales,  drab,  and  sandstone  . .. 
Coal,  Upper  Freeport  or  E 


Place  of  the  Mahoning  sand- 
stone. 


13 
9 

2 
8 
4 
15 
3 


10 


According  to  the  section  (pp.  16-17),  the  Conemaugh  is  nearly  1,000 
feet  thick,  this  estimate,  however,  being  subject  to  the  question  of  the 
correct  correlation  of  the  Pittsburg  coal.  It  is  made  up  essentially 
of  shales  and  sandstones,  with  a  few  beds  of  limestone.  Streaks  of 
coal  are  present  here  and  there,  but  only  locally  are  they  of  sufficient 
thickness  and  purity  to  be  worked  even  in  a  small  way.  Fire  clay, 
both  plastic  and  flint,  occurs  in  the  formation  in  certain  parts  of  the 
area.  A  bed  of  iron  ore  described  in  the  reports  of  the  Second  Geo- 
logical Survey  of  Pennsylvania  as  the  Johnstown  ore  has  been  found 
on  Mill  Creek,  north  and  west  of  Johnstown,  and  near  the  position  of 
the  old  Cambria  furnace  at  the  base  of  Laurel  Hill;  it  lies  50  feet 
above  the  Upper  Freeport  coal.  Considerable  historical  importance 
attaches  to  this  ore  body,  for  its  presence  determined  the  beginning 
of  the  iron  industry  near  Johnstown  and  imdoubtedly  influenced  the 
present  vigorous  development  of  the  coal. 

DETAILED  DESGRXPTZOIT. 

The  higher  portion  of  the  Conemaugh  in  the  Johnstown  quadrangle 
is  made  up  of  sandstones  and  shales,  with  occasional  beds  of  limestone. 
As  it  has  been  found  difficult  to  correlate  these  sandstones  with  the 
typical  members  in  the  Pittsburg  district  and  Allegheny  Valley,  they 
are  here  referred  to  by  the  local  names  given  them  in  the  Ebensburg 
quadrangle,  which  lies  immediately  east  of  the  area  under  discussion. 

WUmore  sandstone  member. — ^The  highest  of  these  sandstones  was 
called  by  Butts  *  the  Wilmore  sandstone.  It  shows  in  the  top  of  the 
first  railway  cut  west  of  Wilmore  and  in  the  neighboring  hills.  Its 
position  with  reference  to  the  Upper  Freeport  coal  is  indicated  in  the 
section  on  pages  16-17.     It  is  usually  not  more  than  20  feet  thick. 

SummerhiU  sandstone  member. — Next  comes  the  Summerhill  sand- 
stone member,  whose  base  lies  660  feet  above  the  Upper  Freeport 
coal.     It  varies  from  30  to  45  feet  in  thickness.     It  was  named  by 


a  £beii»burg  foUo  (No.  133),  Oeol.  Atlas  U.  6.,  U,  9.  Qv^l  Sorvey,  1905,  p.  6. 
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Butts  from  the  village  of  Summerhill,  in  the  eastern  part  of  the 
Johnstown  quadrangle.  It  outcrops  conspicuously  in  all  the  hills 
between  Wilmore  and  Summerhill,  especially  in  a  bluff  east  of  the 
latter  town.  It  is  as  a  rule  decidedly  laminated  in  appearance,  differ- 
ing in  this  respect  from  the  massive  Moi^antown  ('  'Ebensbiu-g")  sand- 
stone below. 

Morgantown  {**  Ebensburg*')  sandstone  member. — The  next  lower 
stratum  of  note  in  this  area  is  a  sandstone  which  Butts  called  the 
Ebensburg,  but  which  in  this  report  will  be  termed  the  Morgantown 
sandstone  member.  This  sandstone  lies  between  400  and  450  feet 
above  the  Upper  Freeport  coal  in  the  southeastern  part  of  the  quad- 
rangle and  probably  less  than  400  feet  above  it  in  the  northern  part. 
It  is  excellently  developed  near  Elton  in  the  Johnstown  area. 

Harlem  ( ?)  coal. — The  Morgantown  sandstone  is  closely  underlain 
by  a  thin  coal  known  as  the  600-foot  rider,  as  it  is  usually  600  feet 
above  the  Lower  Kittanning  coal.  It  outcrops  near  the  old  dam 
site  on  South  Fork  of  Conemaugh  River  (PI.  Ill,  A).  It  is  possible 
that  this  corresponds  to  the  Harlem  or  Friendsville  coal,  but  this 
correlation  is  provisional,  as  it  is  hazardous  to  attempt  close  corre- 
lation with  the  upper  portions  of  the  Conemaugh  in  the  western  part 
of  the  State. 

Red  shale. — The  next  lower  stratum  persistent  enough  to  be  traced 
with  certainty  is  a  band  of  red  shales  30  feet  or  less  in  thickness. 
These  occur  in  nearly  all  parts  of  the  quadrangle,  though  the  distance 
of  their  top  above  the  Upper  Freeport  coal  is  not  constant,  varying 
from  300  to  400  feet.  They  may  correspond  to  the  red  shale  in  the 
western  part  of  the  State,  to  which  I.  C.  White  has  given  the  name 
Pittsburg  red  shales. 

SaJisburg  sandstone  member. — ^Around  Johnstown  the  top  of  what 
is  regarded  as  the  representative  of  the  Saltsburg  sandstone  member 
lies  about  300  feet  above  the  Upper  Freeport  coal.  It  is  very  nearly 
50  feet  thick  and  is  fairly  massive  in  the  hills  east  of  the  town.  It  is 
underlain  in  this  region  by  a  thin  band  of  reddish  and  purple  shales. 

In  the  southeastern  part  of  the  quadrangle  the  Saltsburg  horizon 
is  for  the  most  part  below  drainage  level,  but  several  apparently 
carefully  kept  drill  records  give  an  excellent  idea  of  its  character. 
Its  top  is  here  300  feet  above  the  Upper  Freeport  coal,  and  it  is  about 
50  feet  thick.  It  is  underlain  by  30  to  40  feet  of  shales  containing  a 
coal  (the  Bakerstown  bed)  or,  in  one  section,  two  coals  separated  by 
25  feet  of  shales  and  sandy  shales.  Red  shale  also  appears  in  this 
shale  interval,  and  not  more  than  25  feet  above  this  a  slightly  cal- 
careous bed,  very  thin,  may  possibly  represent  the  Upper  Cambridge 
limestone.  Both  near  Johnstown  and  in  the  southeastern  part  of 
the  quadrangle  these  sandstones  in  places  become  sandy  shales  and 
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merge  imperceptibly  with  the  beds  above  or  below,  so  that  it  is  diffi- 
cult or  impossible  to  locate  their  bases  and  tops  in  the  records. 

Buffalo  sandstone  member. — In  the  South  Fork  district  the  top  of 
the  Buffalo  sandstone  member  is  about  200  feet  above  the  Upper 
PVeeport  coal.  As  nearly  as  can  be  ascertained  from  the  road  sec- 
tions, the  sandstone  consists  of  a  single  member.  It  appears  promi- 
nently along  the  Pennsylvania  Railroad  near  Ehrenfeld,  where  the 
d6bris  from  it  is  massive,  and  is  well  exposed  in  the  shallow  railroad 
cuts  west  of  Summerhill  station.  Compactly  bedded  thick  and  thin 
flags  are  very  characteristic  of  this  stratum  in  the  eastern  part  of  the 
Johnstown  quadrangle  and  farther  east  in  the  Ebensburg  quadrangle. 

Along  BlackUck  Creek  in  the  northwestern  part  of  the  quadrangle 
there  appears  in  the  section  a  very  massive  sandstone,  whose  top  is 
200  to  235  feet  above  the  Lower  Freeport  coal  and  80  and  95  feet, 
respectively,  above  the  Mahoning  coal  and  Johnstown  ore  bed.  This 
sandstone  probably  corresponds  to  the  Buffalo  sandstone  member. 
It  is  exceedingly  massive,  forming  d6bris  comparable  to  that  from 
the  Pottsville.  It  makes  a  very  prominent  appearance  north  of 
Vintondale  and  to  the  west  in  Indiana  County. 

OaUitzin  coal. — The  GaUitzin  coal  ranges  from  70  to  125  feet  above 
the  top  of  the  Upper  Freeport  coal  in  the  region  around  Johnstown. 
In  some  of  the  diamond-drill  records  from  the  hills  east  of  the  citv 
it  appears  about  110  feet  above  the  top  of  the  Upper  Freeport  coal. 
In  some  of  the  sections  a  coal  appears  as  near  the  Upper  Freeport 
as  70  feet.  Where  there  is  but  a  single  coal  in  the  lower  125  feet  of 
the  Conemaugh  and  it  is  as  near  to  the  Upper  Freeport  as  70  feet 
there  is  always  doubt  as  to  whether  it  should  be  regarded  as  the  Gal- 
litzin  or  as  a  lower  coal.  The  Gallitzin  coal  is  not  a  commercial 
bed  and  has  not  been  worked  except  for  local  use  in  any  part  of  the 
quadrangle. 

Lower  red  shales, — The  GaUitzin  coal  is  underlain  by  a  thin  band 
of  red  or  variegated  shales,  which  are  well  exposed  along  the  road 
ascending  to  Pleasant  Hill  in  the  western  part  of  Johnstown.  In 
some  records  of  the  drill  holes  put  down  to  the  east  of  the  city  these 
shales  have  been  called  variegated. 

Mahoning  sandstone  membef. — The  Mahoning  member  is  composed 
of  sandstones,  shales,  and  coals  lying  at  the  base  of  the  Conemaugh 
formation  between  the  Gallitzin  xjoal  and  the  Upper  Freeport  coal 
(top  of  the  Allegheny  formation).  It  is  well  exposed  in  the  hills 
about  Johnstown  and  to  the  south  along  Stony  Creek,  near  South 
Fork,  and  near  BlackUck  Creek. 

At  the  tunnel  of  the  Baltimore  and  Ohio  Railroad  south  of  Johns- 
town the  following  clear-cut  section  of  the  lower  part  of  this  member 
was  obtained : 


.     SOUTH  FORK  AND  WASHED  Al 


B.     SANDSTONE  NEAR  S 
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Section  of  part  of  Mahoning  sandstone  member  south  of  Johnsloivny  Pa. 

Ft.     in. 
Sandstone,  laminated  and  cross-bedded,  upper  Mahoning 8 

Shale,  green 4  -5 

Coal 5 

Shale,  drab,  foflsiliferous 2 

Coal 6 

Fire  clay,  dark,  almost  black 6 

Limestone,  blue,  ferruginous,  altering  to  ore  ("Johnstown  ore  *' )  1 J-2 

Shale 30 

Sandstone,  massive 20 

Shale,  massive,  brown 5 

This  section  may  be  considered  fairly  typical  for  this  immediate 
region.  The  upper  sandstone,  called  upper  Mahoning,  is  decidedly 
characteristic  in  appearance.  It  is  fine  grained,  weathering  into 
extremely  thin  slabs,  and  where  seen  to  greatest  advantage  ranges 
in  thickness  up  to  20  feet.  The  coal  below  it,  exposed  in  the  saddle 
in  the  road  above  the  tunnel,  is  present  in  two  benches  with  an  inter- 
val of  2  feet  between.  This  is  probably  the  Mahoning  coal.  It  is 
nowhere  of  workable  thickness  in  this  quadrangle. 

The  "Johnstown  ore"  underlies  the  Mahoning  coal  and  is  about 
50  feet  above  the  Upper  Freeport  coal.  As  a  workable  ore  it  has 
been  found  only  in  the  center  of  the  Johnstown  Basin.  It  has  been 
worked  in  the  hills  about  the  city,  on  Hinckston  Run,  at  the  west 
base  of  Laurel  Ridge,  and  on  Mill  Creek.  At  present  it  is  of  no 
importance. 

Flint  clay  occurs  in  the  shale  interval  lying  above  the  lower  Mahon- 
ing sandstone.  It  lies  close  to  the  top  of  the  lower  sandstone  bed 
at  an  interval  ranging  from  50  to  80  feet  above  the  Upper  Freeport 
coal.  The  position  of  this  flint  clay  is  shown  in  the  section  in  the 
hill  east  of  Johnstown  (p.  116)'.  Its  characteristics  are  described 
later  (pp.  115-117). 

The  lower  Mahoning  sandstone  outcrops  in  all  the  hills  about 
Johnstown  and  has  been  quarried  for  building  stone  at  many  places. 
It  is  very  massive,  decidedly  coarse  grained,  and  micaceous.  As  a 
rule  it  ranges  from  20  to  30  feet  in  thickness  and  is  separated  from  the 
top  of  the  Upper  Freeport  coal  by  5  to  10  feet  of  dark-brown  shale. 

Near  South  Fork  the  base  of  the  Conemaugh  is  well  shown  in  a 
recent  cut  on  the  Pennsylvania  Railroad  near  Ehrenfeld.  A  hand- 
leveled  section  obtained  opposite  the  station  is  as  follows: 

Section  of  the  base  of  Conemaugh  formation  at  Ehrenfeld, 

Ft.      In. 
Shale,  weathering  to  clay 15 

Shale,  olive  and  drab,  locally  ^andy 30 

Coal 4-6 

Shale 8 

Shale,  black 2 
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Ft. 

Shales,  blue  and  black 1 

Coal 2 

Shales 15 

Shale,  blue,  with  alternating  layers  of  fine-grained  sandstone 20 

Sandstone,  massive 20 

Upper  Freeport  coal. 

The  Mahoning  coal  appears  in  this  section,  as  in  that  south  of 
Johnstown,  in  two  benches  at  approximately  the  same  distance  above 
the  top  of  the  Upper  Freeport  coal.  The  lower  bench  is  thick 
enough  to  be  worked,  though  so  far  as  known  no  coal  has  ever  been 
obtained  from  it.  The  lower  Mahoning  sandstone  is  fairly  massive, 
but  not  so  much  so  as  in  the  hills  near  Johnstown. 

In  the  hills  bordering  Blacklick  Creek,  near  Wehrum,  the  Mahoning 
coal  measures  about  a  foot  in  thickness  and  is  closely  underlain  by 
old  ore  benches,  indicating  the  formerly  extensive  workings  on  the 
Johnstown  iron-ore  bed.  The  underlying  flint  clay  is  present  north, 
west,  and  southwest  of  Wehrum  in  a  position  similar  with  respect  to 
the  lower  Mahoning  sandstone  to  that  of  the  flint  clay  occurring 
above  the  same  sandstone  near  Johnstown,  and  is  thus  to  be  corre- 
lated with  that  stratum.  The  lower  Mahoning  sandstone  is  per- 
sistent where  it  appears  above  drainage  level  in  the  Blacklick  Creek 
district,  and  is  fairly  massive. 

ALLEGHENY   FORMATION. 
GBHSaAL  CHABACTB&. 

The  Allegheny  formation  was  originally  known  as  the  ''Lower 
Productive  Coal  Measures.''  As  may  be  inferred  from  that  name, 
it  is  distinguished  from  the  overlying  formation  by  the  presence  of 
several  workable  coal  beds.  It  is  the  most  important  formation  in 
the  Johnstown  quadrangle,  as  in  it  are  found  all  the  workable  coals 
of  the  area.  The  following  section,  compiled  from  the  area  about 
Johnstown  and  to  the  south,  gives  an  idea  of  tlie  general  character 
of  the  formation  in  this  quadrangle: 

Section  of  Allegheny  formation  about  Johnstovm  and  to  the  south. 

Ft.       In. 

Coal,  Upper  Freeport  (Coke  Yard  or  E  coal) 3      3 

Shale 14 

Shale  with  limestone  concretions 10 

Shales,  bluish 25 

Sandstone,  laminated 5 

Shales  and  sandy  shales 10 

Coal,  1  foot 


Bone,  li  inches 

Coal,  1  foot  7  inches. . 

Bone,  1  inch 

Coal,  3i  inches 


I^wer  FreejX)rt  (D  or  Limestone 
coal). 
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Ft.       in. 

Limestone 3} 

Shale,  blue 5 

Shale,  light  drab,  femiginouB 7 

Shale,  sandy 8i 

Shale,  blue  black 4 

Coal,  Upper  Kittanning  (C^  or  Cement  coal) 3} 

Shale 1 

Limestone 5 

Shale 3i 

Shale,  sandy 5 

Shale,  black  and  brown 3 

Coal 1 

Shales,  sandy 5 

Shales 20 

Coal 11 

Shale 25 

Interval,  chiefly  sandstone 20-25 

Coal,  3  feet  8i  inches 


Lower  Kittanning  (Mil-        5      2J 
ler  or  B  coal). 


Bone  or  black  shale,  3}  inches. . 

Coal,  3i  inches 

Bone,  1  inch 

Coal,  10  inches r. . . . 

Fire  clay 4  J 

Sandstone,  gray,  laminated 9      8 

Sandstone,  massive 40 

Shale 2 

Coal  and  bone  (Clarion  or  A'  coal) 3      1 

Shale 10 

Sandstone,  blue,  laminated 5 

Pottsville.  


280      9i    • 
to  285      9^ 

A  section  of  the  base  of  the  Allegheny  in  which  both  the  Brook- 
ville  and  Clarion  coals  show  is  as  follows: 

Section  of  lower  part  of  Allegheny  formation  near  A.  J.  Haws  <£•  Sons'  brick  plant, 

Coopersdale. 

Ft.       in. 

Shale,  dark 10-|- 

Coal 1        0-  4 

Shale,  black,  with  siliceous  limestone  concretions 10 

Coal 5i 

Shale  and  bone 4 

Coal 1        0-  5 

Shale  and  bone 0-10 

Pottsville  sandstone,  massive. 

The  thickness  of  the  Allegheny  ranges  from  220  to  290  feet.  At 
its  top  is  the  Upper  Freeport  coal;  at  its  base  the  Brookville  coal. 
The  former  occurs  almost  directly  below  the  massive  Mahoning 
sandstone;  the  latter  rests  directly  on  the  top  of  the  even  more 
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massive  Pottsville — circumstances  which  in  this  particular  area  are 

helpful  in  determining  the  boundaries  of  the  formation. 

The  more  characteristic  members  of  the  Allegheny   formation 

occurring  in  the  Johnstown  quadrangle  are  the  following: 

Upper  Freeport  coal  (E). 

Upper  Freeport  limestone  member. 

Bolivar  clay  member. 

Butler  sandstone  member. 

Lower  Freeport  coal  (D). 

Lower  Freeport  limestone  member. 

Upper  Kittanning  coal  (C^). 

Johnstown  limestone  member. 

Coals  between  the  Upper  Kittanning  and  Lower  Kittanning  coals. 

Lower  Kittanning  coal  (B). 

Lower  Kittanning  clay  member. 

Kittanning  sandstone  member. 

Clarion  coal. 

Brook ville  coal. 

A  B  c  D  E  F 


upper  Freeport  ooal. 


Lower  Freeport  coal. 


Upper  Kittanning  coal. 


Middle  Klttannlnfr  coal. 


Lower  KittanninK  coal. 


^3: 


Clarion  eoal. 

Broolnrtlle  coal. 

Top  of  Pottarllle  formation. 


:•.!:.•."■ 


Figure  2.— Skeleton  sectlona  showing  ooab  in  the  Allegheny  formation.  Vertical  scale.  1  incb==100  feet. 
A,  Compiled  section  near  Cooperedale;  B,  compiled  section  on  Peggys  and  Clapboard  nins;  C,  sectioo 
north  of  South  Forlt;  D,  section  south  of  South  Fork;  E,  compiled  section  near  southern  bonier  of 
quadrangle;  F,  section  on  Blaokllck  Creek. 

The  position  of  the  coals  with  reference  to  one  another  in  the 
different  districts  is  well  shown  in  figure  2. 


A.     EXPOSURE  OF  LOWER  FREEPORT  COAL  ON  STONV  CREEK.  NEAR  TROLLEV  BRIDGE. 


B.     COUNTRY  BANX  O 
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BBTAZLBD  DESdBIPTIOH. 

Upper  Freeport  coal, — The  Upper  Freeport  coal  lies  at  the  top  of 
the  Allegheny  fonnation,  almost  directly  below  the  massive  Mahoning 
sandstone  member  and  from  220  to  290  feet  above  the  top  of  the 
Pottsville  formation,  or,  as  it  is  locally  called,,  the  ''Conglomerate 
Rock/'  It  is  known  in  the  Johnstown  district  as  the  Upper  Free- 
port  or  E  bed  but  most  commonly  as  the  Coke  Yard  coal.  In  the 
South  Fork  district  it  is  called  the  Lemon  or  Four-foot  coal.  Its 
chemical  and  phjrsical  characteristics  will  be  discussed  in  subsequent 
parts  of  this  bulletin,  as  will  be  the  case  with  the  other  workable 
coals. 

Upper  Freeport  limestone  memher, — In  the  region  near  South  Fork 
the  Upper  Freeport  limestone  appears  in  the  section.  A  short  dis- 
tance east  of  Ehrenfeld  it  is  well  exposed  in  some  recent  excavations 
along  the  Pennsylvania  Railroad,  in  which  it  ranges  from  IJ  to  3  feet 
in  thickness.  It  is  a  gray  limestone  and  very  irregularly  bedded. 
(See  section,  p.  65.) 

Bolivar  clay  member, — A  flint  clay  lying  a  few  feet  below  what  is 
regarded  as  the  Upper  Freeport  coal  was  seen  at  a  few  places  in  the 
valley  of  Mardis  Run,  near  the  northwestern  edge  of  the  quadrangle. 
This  clay  probably  corresponds  with  the  Bolivar  fire  clay  of  the  region 
to  the  southwest.  Two  feet  of  clay  was  seen  at  one  point  oil  the 
outcrop,  and  the  bed  may  possibly  be  thicker. 

Butler  sandstone  member. — In  some  places  on  Stony  Creek  a  very 
massive  sandstone  20  feet  thick  was  observed  lying  directly  over  the 
Lower  Freeport  or  D  coal.  (See  PI.  IV,  A,)  This  corresponds  in 
position  to  the  Butler  or  "Upper  Freeport"  sandstone.  It  is  very 
local  in  its  development. 

Lower  Freeport  coal, — ^The  Lower  Freeport  or  D  coal  is  known  about 
Johnstown  as  the  Limestone  bed  from  a  2  to  3  foot  bed  of  limestone 
occurring  within  a  foot  of  its  base.  In  position  it  ranges  from  45  to  70 
feet  below  the  Upper  Freeport  coal.     (See  PI.  IV,  A.) 

Lower  Freeport  limestone  member, — The  Lower  Freeport  limestone 
occurs  either  directly  below  or  within  a  foot  of  the  base  of  the  Lower 
Freeport  coal,  the  slight  interval  as  a  rule  being  filled  with  black  shale. 
This  limestone  shows  in  Plate  IV,  A. 

Upper  Kittanning  ((7)  coal, — ^The  next  lower  horizon  of  importance 
is  the  Upper  Kittanning  or  C  coal,  known  near  Johnstown  as  the 
Cement  coal.  It  is  an  important  coal  near  Johnstown  and  Windber, 
and  in  fact  is  one  of  the  most  persistent  and  valuable  coals  in  the 
quadrangle.  It  occurs  from  80  to  105  feet  below  the  Upper  Freeport, 
though  near  South  Fork  this  interval  is  less.  Above  the  Upper 
Kittanning  coal,  near  Johnstown  and  to  the  west  on  Dalton  Run, 
some  of  the  sections  show  one  and  some  two  small  coals.  These 
sections  follow. 
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Section  of  Upper  Kittanning  coal  at  mouth  of  Rolling  Mill  mine  of  Cambria  Steel  Com- 

pany,  Johnstown ^  Pa. 

Ft.      In. 

Sandstone,  thin  bedded 3 

Coal 2^ 

Sandstone,  thin  bedded  and  laminated 8 

Shale 6 

Coal,  Upper  Kittanning  (CO 3 

Shale 1 

Limestone 4+ 

Shale  or  fire  clay 2-4 

Section  of  Upper  Kittanning  (C)  coal  on  Dalton  Run. 

Shale.  Ft.      in. 

Coal 4 

Shale 10 

Coal 4 

Shale 3 

Coal 4 

Shale  or  clay 2-\- 

Limestone  bowlders. 

Johnstown  limestone  member. — About  Johnstown  the  Upper  Kittan- 
ning coal  is  underlain  by  a  limestone  which  may  prove  suitable  for 
the  manufacture  of  cement.  This  cement  bed  is  best  developed  along 
Stony  Creek  and  may  be  seen  to  advantage  in  the  cuts  on  the  Balti- 
more and  Ohio  Railroad  north  of  Kring,  where  it  is  6  feet  thick  and  is 
separated  from  the  coal  by  8  to  12  inches  of  shale.  Along  the  spur 
track  leading  from  the  north  end  of  the  tunnel  into  the  Valley  Coal 
and  Stone  Company's  mines  it  is  also  conspicuous  but  is  slightly 
thinner.  An  analysis  of  this  cement  rock  is  given  on  page  128.  It 
is  shown  in  Plate  VII,  A  (p.  48). 

Coals  between  the  Upper  and  Lower  Kittanning  coals. — In  several 
of  the  sections  south  of  Johnstown  a  coal  bed  occurs  from  17  J  to  20 
feet  below  the  base  of  the  Upper  Kittanning  coal.  This  coal  is  very 
thin,  in  most  places  measuring  less  than  6  inches.  It  may  be  seen  in 
the  bluflFs  near  the  Citizens  Eighth  Ward  mine  and  in  the  cut  on  the 
Baltimore  and  Ohio  Railroad  north  of  Kring.  At  the  latter  place 
another  coal  7  J  inches  thick  appears  in  the  section  13  feet  below  the 
upper  thin  coal  and  about  31  feet  below  the  base  of  the  Upper  Kittan- 
ning bed.  What  is  probably  the  upper  of  these  two  coals  appears  in 
many  of  the  drill  records  from  the  Wilmore  Basin,  and  both  are  per- 
sistent in  the  section  along  the  main  line  of  the  Pennsylvania  Railroad 
east  of  East  Conemaugh.  In  the  latter  region,  however,  the  lower  coal, 
which  it  is  thought  must  be  the  representative  of  the  Middle  Kittanning 
(C)  coal,  lies  45  to  50  feet  below  the  base  of  the  Upper  Kittanning — a 
distance  greater  than  at  Kring.  Near  the  brick  plant  of  A.  J.  Haws 
&  Sons  (Limited),  at  Coopersdale,  what  is  tentatively  regarded  as 
the  Middle  Kittanning  occurs  25  feet  above  the  Lower  Kittanning  bed. 
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Lower  Kittanning  coal. — The  next  lower  coal — theLowerBjttanning, 
Miller,  White  Ash,  or  B  coal — is  the  most  persistent  and  valuable  bed 
in  the  area.  It  usually  lies  approximately  145  to  200  feet  below  the 
Upper  Freeport  coal  and  from  about  65  to  100  feet  above  the  top  of 
the  Pottsville. 

Lower  Kittanning  day  member. — ^The  Lower  Eattanning  clay  is  the 
most  valuable  plastic  clay  in  the  area.  It  usually  underlies  the  lower 
bench  of  the  Lower  Kittanning  coal,  from  which  it  may  be  separated 
by  a  few  inches  of  shale.  In  the  absence  of  the  lower  bench  of  coal 
it  sometimes  occurs  below  the  main  coal  itself,  being  separated  from 
it  by  3  to  4  inches  of  bone  or  shale.     (See,  further,  pp.  117-118, 123.) 

Kittanning  sandstone  member. — On  the  Baltimore  and  Ohio  Rail- 
road, between  Foustwell  and  the  mouth  of  Paint  Creek,  on  the  west 
flank  of  the  Ebensburg  anticline,  the  Pottsville  and  the  beds  below 
the  Lower  Kittanning  coal  are  well  exposed.  Near  the  water  tank 
and  culvert  nearly  a  mile  east  of  the  bridge  over  Stony  Creek  the 
following  section  was  measured : 

Section  of  the  lower  part  of  the  AlUgheny  formation,  east  of  Foustwell. 

Base  of  Lower  Kittanning  coaK  Ft.  in. 

Fire  clay 4    8 

Sandstone,  laminated 9    8 

Sandstone,  massive 40 

Shale 2 

Coal 6 

Shale,  black 6 

Coal 2    7 

Shale 10 

Sandstone,  blue,  laminated 5 

Pottsville  sandstone,  massive. 

BrookviUe  and  Clarion  coals. — Between  the  Lower  Kittanning  coal 
and  the  top  of  the  Pottsville  formation  are  found  either  one  or  two 
coals.  The  coal  noted  in  the  preceding  section  is  one  of  these,  possi- 
bly the  upper  or  Clarion  bed;  where  the  section  was  taken  it  is  of 
workable  thickness.  Both  coals  appear  at  the  roadside  near  A.  J. 
Haws  &  Sons'  brick  plant,  west  of  Coopersdale.  (For  section,  see 
p.  23.)  The  lower  coal,  consisting  of  two  benches,  is  the  Brook- 
ville ;  the  higher  is  regarded  as  the  Clarion.  Representatives  of  these 
lower  coals  are  found  near  Twin  Rocks. 

POTTSVILLE    FORMATION. 

The  Pottsville,  where  most  plainly  developed  in  the  Johnstown 
quadrangle,  consists  of  three  members — an  upper  and  a  lower  sand- 
stone, known  respectively  as  the  Homewood  and  Connoquenessing 
sandstone  members,  and  an  intervening  shale  (containing  a  coal  bed), 
known  as  the  Mercer  shale  member.  With  these  is  associated  an 
important  flint  clay. 
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A  section  of  the  Pottsville  along  Stony  Creek,  in  part  off  the 
southern  edge  of  the  quadrangle,  is  as  follows: 

Section  of  PoiUville  formation  in  and  near  Johnstown  quadrangle. 


Sandatone,  maasive  (Homewood) 65-1X> 

Shale,  black,  and  clay  (Mercer) 11 

Sandstone,  massive  (Connoquenessing) 95-105 

This  gives  a  total  thickness  to  the  Pottsville  of  about  170  feet. 
Between  South  Fork  and  Mineral  Point  the  thickness  of  the  Home- 
wood  member,  where  it  could  best  be  observed,  is  only  about  35  feet, 
indicating  a- thinning  to  the  east;  the  thickness  of  the  whole  forma- 
tion, however,  remains  at  about  170  feet.  In  the  South  Fork  district 
the  Mercer  interval  contains  a  valuable  flint  clay. 

The  Pottsville  is  not  always  devoid  of  coal,  as  the  section  given 
above  might  indicate.  South  of  Kring  the  Mercer  contains  a  coal 
bed  whose  section  is  given  on  page  61.  At  the  B.  H.  Campbell  shale 
quarry,  on  the  Mercer  (p.  119),  coal  is  also  present. 

The  sandstones  of  the  Pottsville  are  massive  and  coarse  grained 
but  rarely  conglomeratic.  They  make  very  large  sandstone  debris, 
and  the  country  underlain  by  the  Pottsville  is  usually  wilderness. 

MISSISSIPPI  AN  SERIES. 
MAUCH   CHUNK   SHALE. 

Evidences  of  an  unconformity  at  the  top  of  the  Mauch  Chunk  are 
to  be  seen  in  the  Johnstown  quadrangle.  The  Mauch  Chunk  is  well 
exposed  along  the  flanks  of  the  Ebensbui^  anticlinal  axis  on  Stony 
Creek,  near  the  bridge  at  the  mouth  of  Paint  Creek,  and  also  south 
of  the  quadrangle.  It  is  also  well  shown  at  the  viaduct  along  the 
flanks  of  the  Viaduct  or  Ebensbui^  anticline  (PI.  V,  A),  farther  west 
in  the  gorge  of  Conemaugh  River,  and  on  the  sides  of  Laurel  Ridge, 
where  it  is  brought  above  drainage  level  by  the  Laurel  Ridge  anti- 
cline. The  upper  50  feet  of  this  formation  is  exposed  in  the  valley 
of  South  Branch  of  Blacklick  Creek,  near  Twin  Rocks. 

A  section  of  the  upper  part  of  the  formation,  obtained  on  Stony 
Creek  about  a  mile  above  the  mouth  of  Paint  Creek,  is  as  follows: 

Section  of  upper  tvo  members  of  Mavuch  Chunk  shale  near  mouth  of  Paint  Creek, 

Ft.     In. 

Shales,  red 6-21 

Sandstone,  heavy 10      8 

Shale,  red 20 

Sandstone;  vivid  green 3 

Shales,  red  and  green 13-15 

Shale,  green , 1 

Shale,  blue-green,  sandy 5      4 

Sandstone,  green,  usually  laminated  and  cross  bedded 44+ 


.     TYPICAL  EXPOSURE  OF    ft 


B.     SHALE  QUARRY  OF  B.  ».  CAMPBELL  AT  THE  MERCER  HORIZON  N 


F  THE    POCONO 


B.     1,0r*VH*MN*  LIMESTONE,  TOP  MEMBER  OF  POCONO  FOnM»TION.  AT  SUMMIT  OF  EBENS- 
BURG  <V1*DUCT1  ANTICLINE,  MINERAL  POINT. 
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Near  the  viaduct  the  lower  green  laminated  and  cross-bedded  sand- 
stone member  given  in  the  section  appears,  dividing,  as  it  were,  the 
Mauch  Chunk  into  an  upper  and  lower  shaly  member.  It  may  rep- 
resent the  Greenbrier  limestone  in  this  region.  This  sandstone  at 
the  viaduct  was  measured  in  its  entirety  and  was  found  to  be  42  feet 
thick.  The  lower  shale  division  at  the  viaduct  is  40  feet,  giving  to 
the  members  of  the  Mauch  Chunk  the  following  thicknesses: 

Section  of  Mauch  Chunk  shale  at  the  viaduct. 

Feet. 

Upper  Bhaly  member 60-75 

Sandstone 44-|- 

Lower  shale  member 40 

Thus  the  Mauch  Chunk  in  this  quadrangle  may  be  considered 
approximately  160  feet  thick. 

POCONO  FORMATION. 

The  upper  part  of  the  Focono  shows  in  the  bed  of  Conemaugh 
River  between  the  viaduct  and  Mineral  Point.  It  is  made  up  of  the 
Loyalhanna  limestone  member,  about  45  feet  of  which  is  here  exposed. 
(See  PI.  VI,  A  and  BJ)  The  entire  formation  is  above  drainage  level 
in  the  gorge  of  Conemaugh  River  west  of  Johnstown.  It  is  brought 
above  water  level  by  the  Laurel  Ridge  anticline  and  covers  part  of 
the  ridge  both  south  and  north  of  the  river.  Though  it  is  not  exposed 
so  as  to  be  measured  in  detail,  the  barometer  indicated  from  the  top 
of  the  red  Catskill  beds  to  the  red  shales  of  the  Mauch  Chunk  over- 
lying the  Loyalhanna  limestone  a  thickness  of  1,085  feet,  which  it  is 
believed  closely  approximates  the  thickness  of  this  formation  in  the 
region.  This  is  slightly  greater  than  the  figures  obtained  by  Charles 
Butts  and  the  writer  *  on  the  Allegheny  Front.  There  is  no  reason 
to  suppose  that  the  Pocono  here  differs  much  from  that  on  the  Alle- 
gheny Mountain  east  of  Bennington. 

DEVONIAN  SYSTEM. 
CATSKILL  FORMATION. 

But  400  feet  of  Devonian  rocks  are  exposed  in  the  Johnstown 
quadrangle,  and  these  occur  at  the  top  of  the  Catskill,  in  the  gorge  of 
Conemaugh  River  where  it  is  crossed  by  the  Laurel  Ridge  anticlinal 
axis.  The  Catskill  beds  are  prevailingly  red  and  green  shales  and 
red  sandstones  and  color  the  soil  a  distinct  red.  The  upper  part  of 
the  formation  was  measured  bv  the  writer  as  follows : 

a  Ebensburg  fbllo  (No.  133),  Geol.  Atlas  U.  S.,  U.  8.  Geol.  Survey,  1905,  p.  3. 


DEVONIAN   SYSTEM.  29 

Near  the  viaduct  the  lower  green  laminated  and  cross-bedded  sand- 
stone member  given  in  the  section  appears,  dividing,  as  it  were,  the 
Mauch  Chunk  into  an  upper  and  lower  shaly  member.  It  may  rep- 
resent the  Greenbrier  limestone  in  this  r^on.  This  sandstone  at 
the  viaduct  was  measured  in  its  entirety  and  was  found  to  be  42  feet 
thick.  The  lower  shale  division  at  the  viaduct  is  40  feet,  giving  to 
the  members  of  the  Mauch  Chunk  the  following  thicknesses : 

• 

Section  of  Mauch  Chunk  shale  at  the  viaduct. 

Feet. 

Upper  shaly  member 60-75 

Sandstone 44-f 

Lower  shale  member 40 

Thus  the  Mauch  Chunk  in  this  quadrangle  may  be  considered 
approximately  160  feet  thick. 

POCONO  FORMATION. 

The  upper  part  of  the  Focono  shows  in  the  bed  of  Conemaugh 
River  between  the  viaduct  and  Mineral  Point.  It  is  made  up  of  the 
Loyalhanna  limestone  member,  about  45  feet  of  which  is  here  exposed. 
(See  PI.  VI,  A  and  JS.)  The  entire  formation  is  above  drainage  level 
in  the  gorge  of  Conemaugh  River  west  of  Johnstown.  It  is  brought 
above  water  level  by  the  Laurel  Ridge  anticline  and  covers  part  of 
the  ridge  both  south  and  north  of  the  river.  Though  it  is  not  exposed 
so  as  to  be  measured  in  detail,  the  barometer  indicated  from  the  top 
of  the  red  Catskill  beds  to  the  red  shales  of  the  Mauch  Chunk  over- 
lying the  Loyalhanna  limestone  a  thickness  of  1,085  feet,  which  it  is 
believed  closely  approximates  the  thickness  of  this  formation  in  the 
region.  This  is  slightly  greater  than  the  figures  obtained  by  Charles 
Butts  and  the  writer  *  on  the  Allegheny  Front.  There  is  no  reason 
to  suppose  that  the  Focono  here  differs  much  from  that  on  the  Alle- 
gheny Mountain  east  of  Bennington. 

DEVONIAN  SYSTEM. 
CATSKILL   FORMATION. 

But  400  feet  of  Devonian  rocks  are  exposed  in  the  Johnstown 
quadrangle,  and  these  occur  at  the  top  of  the  Catskill,  in  the  gorge  of 
Conemaugh  River  where  it  is  crossed  by  the  Laurel  Ridge  anticlinal 
axis.  The  Catskill  beds  are  prevailingly  red  and  green  shales  and 
red  sandstones  and  color  the  soil  a  distinct  red.  The  upper  part  of 
the  formation  was  measured  bv  the  writer  as  follows : 


«  Ebensburg  folio  (No.  133),  Geol.  Atlas  U.  S.,  U.  S.  Oeol.  Survey,  2905,  p.  3. 
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Section  of  upper  portion  of  Catshill  formation  on  Conemaugh  River. 

Feet. 

Sandstone,  chocolate  and  reddish 45 

Shale,  red 20 

Sandstone,  chocolate-colored , 5 

Shales,  chocolate  and  vivid  green 40+ 

STRUCTURE. 
MODE  OF  BEPBESENTATION. 

The  inclination  of  the  beds  to  a  horizontal  plane,  or  the  dip,  as 
it  is  commonly  called,  is  measured  in  the  field  by  means  of  a  cli- 
nometer where  the  inclination  is  great  enough  to  permit  it.  In  but 
few  localities  in  the  Johnstown  quadrangle,  however,  are  the  dips 
sufficient  to  allow  this  mode  of  measurement.  Where  it  is  not  appli- 
cable continuous  road  sections  are  run  and  the  beds  are  correlated 
from  hillside  to  hillside.  When  the  elevation  above  mean  sea  level 
of  a  sandstone,  coal,  or  limestone  on  one  hill  and  its  elevation  a  mile 
or  so  away  have  been  found,  the  rise  or  fall  of  this  particular  bed  in 
feet  per  mile  is  at  once  obtained.  By  connecting  points  of  equal 
elevation  on  any  selected  bed  the  contour  lines  for  that  bed  are 
drawn.  On  the  map,  Plate  I,  the  cojitour  interval  is  50  feet  and  all 
points  on  the  plane  selected  (the  base  of  the  Lower  Kittanning  or  B 
coal)  that  are  multiples  of  50  are  connected  by  light-brown  lines. 

The  base  of  the  Lower  Kittanning  coal  was  selected  as  the  bed  on 
which  to  draw  structure  contours  in  the  Johnstown  quadrangle 
because  this  is  commercially  the  most  important  coal  and  the  most 
persistent.  Moreover,  its  relations  to  the  beds  both  above  and  below 
it  are  fairly  well  known. 

To  draw  contours  on  the  bed  where  it  is  above  drainage  level  and 
is  worked  is  easy,  for  it  is  necessary  simply  to  obtain  its  elevation 
from  point  to  point  where  it  outcrops  and  then  to  connecting  points 
of  equal  elevation.  But  where  the  coal  fails  to  appear  above  drain- 
age level  other  means  of  determining  its  elevation  have  to  be  em- 
ployed, and  its  distance  below  other  known  beds  that  do  appear  must 
be  used  as  a  basis  for  calculation,  it  being  assumed,  of  course,  that 
this  distance  is  constant  within  the  areas  where  this  method  is 
employed.  Conversely,  where  the  dips  are  so  great  as  to  carry  the 
horizon  of  the  coal  above  the  hilltops  its  interval  above  known 
beds  must  be  used.  When  the  latter  two  methods  are  employed 
in  contouring  great  precision  is  not  obtainable,  as  intervals  are  sub- 
ject to  variation  in  any  region  and  are  known  to  vary  greatly  within 
comparatively  short  distances  in  the  Johnstown  quadrangle.  Fur- 
thermore, most  of  the  elevations  in  this  work  are  obtained  by 
means  of  the  aneroid  barometer,  which,  as  is  well  known,  is  liable  to 
sudden  variations  and  has  to  be  constantly  checked  against  spirit- 
leveled  elevations. 
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The  structure  contours  not  only  show  the  generalized  surface 
formed  by  the  Lower  Kittanning  coal  but  less  precisely  the  lay  of 
the  underlying  and  overlying  beds.  The  contour  interval  chosen  is 
50  feet  and  the  limit  of  error  may  be  considered  a  contour  interval, 
but  where  the  beds  vary  in  thickness  it  may  be  more  than  this. 
This  mode  of  representing  the  structure  makes  it  possible  to  estimate 
approximately  the  elevation  of  the  top  of  the  Lower  Kittanning  coal 
where  it  is  below  the  surface  at  a  given  point,  and  hence  to  find  its 
depth  below  the  surface  at  that  point;  furthermore,  if  the  intervals 
of  other  coals  either  above  or  below  the  Lower  Kittanning  are  known, 
their  depth  at  any  particular  point  may  be  readily  computed. 

8TBUCTX7BE  IK  THE  JOHNSTOWN  QUADBANOLE. 

GENERAL   STATEMENT. 

The  beds  described  under  the  heading  * 'Stratigraphy''  (pp.  14-30) 
are  involved  in  a  series  of  parallel  folds  having  a  general  northeast- 
southwest  trend  and  extending  completely  across  the  area  in  a  series 


\^ 


V 


115  — ^\ 


^»-/2<'— -^— . 


\ 


^ ^^^ ^^    I 


/'^— ^» 


-V— "^Z" 


FiouBS  3.— Sketch  sbowUig  (a)  the  great  IrreKUlarltj  In  detail  of  the  structure  in  some  parts  of  the  Johxi9> 
town  quadiBDgle  and  (6)  the  marked  regularity  In  detail  in  other  parts.  In  6  the  Moot  contour  lines  are 
omitted  to  avoid  crowding,  but  were  they  Inserted  the  regularity  would  appear  almost  as  pronounced. 

of  waves  from  the  southeast  to  the  northwest  part  of  the  quadrangle. 
The  structure  as  worked  out  differs  in  some  particulars  from  that 
described  by  the  Second  Survey  of  Pennsylvania,  the  most  notable 
difference  perhaps  being  in  the  offset  of  th^  Johnstown  Basin  to  the 
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east  near  Johnstown  (PI.  I).  In  the  map  of  the  Second  Survey  the 
axis  of  the  Johnstown  syncline  or  basin  is  represented  as  being  west 
of  the  South  Fork  of  Bens  Creek;  it  is  believed  that  it  really  lies 
farther  to  the  east. 

Viewed  broadly,  the  structure  is  very  regular  in  the  Johnstown 
quadrangle,  as  will  be  seen  from  the  structural  contour  map  (PI.  I). 
In  ddtail  it  may  be  decidedly  irregular.     (See  fig.  3.) 

The  structural  features  in  the  Johnstown  quadrangle,  beginning  in 
the  southeast  comer  and  proceeding  to  the  northwest,  are — 

Wilmore  syncline. 

Viaduct  or  Ebenaburg  anticline. 

Johnstown  syncline. 

Laurel  Ridge  anticline. 

Westover  or  Bamesboro  syncline. 

In  the  reports  of  the  Second  Geological  Survey  of  Pennsylvania 
the  Wilmore  and  Johnstown  basins  were  designated  sqbbasins  and 
were  considered  to  constitute  part  of  the  first  bituminous  coal  basin. 
The  Viaduct  anticline  was  called  a  subaxis  and  the  Laurel  Ridge 
anticline  was  designated  the  first  grand  axis  of  the  bituminous  coal 
regions."  D'Invilliers  *  somewhat  changed  the  usage,  as  he  speaks 
of  the  first  and  second  basins,  referring  to  the  Wilmore  and  Johns- 
town basins,  respectively.  The  terms  syncline  and  basin  or  trough 
are  of  course  synonymous,  as  are  also  the  terms  anticline  and  arch. 

DETAILED   DESCRIPTION. 

Wilmore  syncline, — The  Wilmore  Basin  or  syncline  is  so  called 
from  the  town  of  Wilmore,  situated  on  the  Pennsylvania  Railroad  a 
short  distance  east  of  Summerhill,  in  the  Ebensburg  quadrangle.  It 
is  a  comparatively  long  and  narrow  synclinal  trough  parallel  with  and 
west  of  the  Allegheny  Front.  The  position  of  the  axis  of  the  basin  is 
definitely  fixed  near  the  town  of  Wilmore  by  the  opposing  dips  of  the 
rocks  along  the  old  track  of  the  Pennsylvania  Railroad.  As  indi- 
cated on  Plate  I,  the  axis  enters  the  Johnstown  quadrangle  northeast 
of  the  old  reservoir  site  on  South  Fork  of  Conemaugh  River  and  con- 
tinues southeast,  passing  near  the  town  of  Elton.  It  leaves  the 
quadrangle  in  a  line  almost  coincident  with  the  South  Fork  branch  of 
the  Pennsylvania  Railroad.  On  the  southeast  side  of  this  axis  the 
beds  dip  northwest,  and  on  the  northwest  side  the  beds  dip  southeast. 
In  the  quadrangle  all  the  beds  along  the  axis  dip  northeast^  as  the 
axis  plunges  in  that  direction.  The  rise  of  the  beds  to  the  southwest 
is  rapid,  amounting  to  900  feet  in  a  distance  of  16  or  17  miles,  so  that 
the  Lower  Kittanning  coal,  which  is  between  800  and  900  feet  above 
the  sea  and  hence  far  below  drainage  level  in  the  center  of  the  basin, 

a  Second  Geol.  Sorvey  Pennsylvania,  Kept.  H2.  pp.  xxix,  25,  25. 
b  Summary  Final  Rept.  Oeol.  Survey  Pennsylvania,  1895,  p.  2219. 
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outcrops  at  an  elevation  of  about  1,700  feet  at  the  mines  about 
Windber. 

Viaduct  anticline. — The  Viaduct  or  Ebensburg  anticline  is  the  next 
structural  feature  to  the  west.  Its  axis  has  a  general  northeast- 
southwest  direction,  but  swerves  slightly  to  the  southeast  and  then 
again  to  the  southwest  in  the  part  of  the  quadrangle  south  of  Cone- 
maugh  River.    This  offset,  however,  is  not  at  all  marked. 

The  Lower  Kittanning  coal  and  associated  beds,  so  deeply  buried 
in  the  center  of  the  Wilmore  Basin,  rise  rapidly  and  with  great  regu- 
larity to  the  west  and  outcrop  in  the  valley  of  Conemaugh  River  at 
South  Fork.  From  its  deepest  point  in  the  Wilmore  syncline  the 
coal  rises  more  than  1,000  feet  to  its  highest  point  on  the  sununit  of 
the  Viaduct  or  Ebensburg  anticline.  The  lowest  bed  brought  above 
drainage  level  by  this  rise  is  the  top  member  of  the  Pocono  forma- 
tion (the  Loyalhanna  limestone  member),  which  outcrops  along  the 
summit  of  the  arch,  between  the  viaduct  and  Mineral  Point.  (See 
PL  VI,  A  and  B.) 

Johnstown  Basin. — ^The  Johnstown  Basin  or  syncline,  which  is  the 
next  structural  feature  to  the  west,  comprises  the  area  between  the 
Viaduct  and  Laurel  Ridge  anticlinal  axes.  It  is  really  made  up  of 
two  basins  in  this  quadrangle,  one  in  Cambria  and  one  in  Somerset 
County.  It  has  a  general  northeast-southwest  course  but  is  sharply 
offset  to  the  east  in  the  vicinity  of  Johnstown.  (See  PI.  I.)  The 
axis  in  Somerset  County  trends  in  the  usual  northeast-southwest 
course.  The  dip  of  the  beds  on  the  east  side  of  the  basin  is  compara- 
tively gentle,  the  fall  being  approximately  900  feet  in  9  miles,  or  at 
the  rate  of  100  feet  per  mile  from  the  summit  of  the  Viaduct  anti- 
cline at  the  viaduct  to  the  deepest  part  of  the  basin  north  of  Cone- 
maugh River.  In  the  southern  part  of  the  quadrangle  the  correspond- 
ing drop  is  only  700  feet.  On  the  west  side  of  the  basin  the  rise  of  the 
beds  to  the  Laurel  Ridge  axis  is  sharp — between  2,000  and  2,100  feet 
in  a  distance  of  9  miles  along  Conemaugh  River — producing  the  maxi- 
mum dips  in  the  quadrangle.  In  addition  to  their  incUnation  from 
the  northwest  and  southeast  to  the  center  of  the  basin,  the  beds  north 
of  Conemaugh  River  dip  gently  to  the  northeast.  The  Johnstown 
synclinal  axis  and  the  Ebensburg  anticlinal  axis  approach  each  other 
near  the  northeast  comer  of  the  quadrangle. 

Laurel  Ridge  anticline. — ^The  Laurel  Ridge  anticline  is  the  major 
structural  feature  in  the  Johnstown  quadrangle,  and,  as  stated  on 
page  32,  it  is  the  ''first  grand  axis"  as  described  by  the  Second 
Geological  Survey  of  Pennsylvania.  It  crosses  Conemaugh  River 
about  midway  between  Conemaugh  Furnace  and  Coopersdale  and 
passes  to  the  northeast,  crossing  South  Branch  of  Blacklick  Creek  a 
little  over  a  mile  southea^st  of  Twin  Rocks.     Where  the  axis  of  the 

60516'— Bull.  447—11 3 
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fold  crosses  the  valley  of  Conemaugh  River  the  lowest  beds  in  the 
quadrangle — the  red  shales  and  sandstones  of  the  Catskill  formation, 
aggregating  400  feet  or  more  above  drainage  level — are  exposed. 
The  fold  pitches  sharply  to  the  northeast,  and  the  Pocono  formation, 
which  caps  the  hills  where  the  axis  crosses  Conemaugh  River,  is 
below  drainage  level  where  it  crosses  South  Branch  of  Blacklick 
Creek  near  Twin  Rocks,  dropping  in  this  distance  at  least  1,000  feet. 
As  stated  in  the  description  of  the  Johnstown  Basin,  the  beds  alon^ 
the  eastern  flank  of  the  Laurel  Ridge  anticline  rise  between  2,000 
and  2,100  feet  in  a  distance  of  9  miles.  The  fall  in  the  beds  west  of 
the  anticlinal  axis  to  the  Bamesboro  or  Westover  Basin  is  at  about 
the  same  rate.    The  anticline  is  therefore  symmetrical. 

No  beds  of  coal  are  present  at  the  summit  of  the  ridge  and  none 
occur  below  its  surface  until  Blacklick  Creek  is  approached.  The 
coals  have,  so  to  speak,  been  carried  out  into  the  air  by  the  rise  in 
the  beds  on  either  side  of  the  anticlinal  axis. 

Bamesboro  or  Westover  syndine, — ^The  basin  west  of  the  Laurel 
Ridge  anticline  is  termed  the  Westover  Basin  in  the  Pennsylvania 
Geological  Survey  reports.  More  recently  it  has  been  called  the 
Bamesboro  Basin  by  members  of  the  United  States  Geological 
Survey.*  The  axis  of  the  basin  enters  the  Johnstown  quadrangle 
near  the  line  between  Cambria  and  Indiana  counties,  passes  through 
or  very  near  Wehrum,  and  leaves  the  quadrangle  as  indicated  on 
Plate  I.  From  the  axis  of  this  basin  the  beds  rise  gently  to  the 
axis  of  the  Nolo  anticline,  which  just  cuts  the  northwest  comer  of 
the  quadrangle. 

Minor  structures. — Besides  the  principal  folds,  there  are  many 
minor  folds  in  the  rocks  of  the  quadrangle.  A  small  arch  or  anti- 
cline is  exposed  along  Little  Conemaugh  River  about  a  mile  east  of 
Conemaugh  station.  From  this  point  westward  to  the  Johnstown 
station  there  are  many  minor  fluctuations,  all  exposed  along  the  main 
line  of  the  Pennsylvania  Railroad.  Between  Millville  and  Coopers- 
dale  there  is  a  distinct  anticline.  Thus  it  appears  that  the  main 
broad  Johnstown  syncline  has  been  subjected  to  many  minor  plica- 
tions. It  has  been  thought  by  some  mining  men  that  to  these  lesser 
folds  about  Franklin  and  along  Clapboard  Run  is  due  the  so-called 
faulting  which  the  coal  exhibits  in  this  region.  The  erratic  behavior 
of  the  Lower  Kittanning  coal  in  this  locality  may  possibly  be  due 
in  part  to  this  cause,  but  the  irregularities  seen  by  the  writer  are  not 
faults  as  this  term  is  used  in  the  geologic  sense,  but  are  rather  broad 
rolls  which  seem  to  have  squeezed  out  the  coal.  In  some  places  the 
conditions  during  sedimentation  were  such  that  coal  was  not  depos- 
ited or,  if  deposited,  was  afterward  removed. 


a  Campbell,  M.  R.,RndClapp,  F.  Q.,  in  an  unpublished  manuscript  relating  to  the  Barnesboro  quad* 
langle,  whicli  lies  nortti  of  the  jQhnstown  quadrangle. 
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MINERAL  RESOURCES. 

INTRODUCTION. 

The  mineral  resources  of  the  Johnstown  quadrangle  are  coal,  flint 
and  plastic  clay,  shales,  limestone  and  cement  material,  building 
stone,  glass  sand,  and  iron  ore.  Because  of  the  great  importance  of 
coal  and  clay  they  will  be  treated  (1)  in  a  broad  way  for  the  sake 
of  the  general  reader  who  may  be  interested  in  the  area  as  a  whole 
but  not  in  any  particular  portion  of  it,  and  (2)  in  detail  by  districts. 
The  remaining  resources — limestone  and  cement  material,  building 
stone,  glass  sand,  and  iron  ore — will  be  treated  as  a  whole,  as  their 
description  by  districts  would  involve  needless  repetition. 

COAL. 

GENERAL  DESCRIPTION, 

UPPER   FREEPORT   COAL. 

The  highest  important  coal  in  the  Johnstown  quadrangle  is  known 
as  the  Upper  Freeport.  It  is  used  as  a  domestic  and  steam  fuel  about 
Johnstown  and  South  Fork  and  supplies  some  of  the  brick  plants  at 
Johnstown.  It  gives  satisfactory  results,  particularly  when  used  in 
locomotives.  It  is  not  coked  in  this  quadrangle,  though  at  Cresson, 
Gallitzin,  and  Bennington  it  gives  satisfactory  results  in  beeliive 
ovens.  In  the  by-product  ovens  of  the  Cambria  Steel  Company  at 
Franklin,  near  Johnstown,  it  was  found  to  be  unsuitable  owing  to 
expansion,  which  quickly  ruined  the  ovens  and  made  it  very  difficult 
to  force  out  the  charge  after  it  was  coked.  The  analyses  of  this  coal 
as  given  on  page  40  show  it  to  be  a  high-carbon  coal  with  very  low 
moisture  content.  The  ash,  especially  in  the  Johnstown  Basin,  is 
high;  its  sulphur  content,  ranging  from  2  to  2^  per  cent,  is  also  rather 
high. 

LOWER   FREEPORT   COAL. 

The  Lower  Freeport  or  D  coal  is  of  workable  thickness  about  Johns- 
town, and,  though  not  exploited  at  present,  it  will  probably  l)ecome 
one  of  the  important  coals  of  the  Johnstown  district.  Its  percentage 
of  carbon  is  high. 

UPPER    KITTANNINO    (c')    COAL. 

The  Upper  Kittanning  or  C  coal  is  one  of  the  most  valuable  beds 
about  Johnstown  and  its  suburbs,  where  it  is  known  as  the  Cement 
bed.  To  the  south,  about  Windber,  prospecting  has  shown  it  to 
^0  even  thicker  than  about  Johnstown.  As  a  steaming  coal  it  is 
probably  equal  if  not  superior  to  any  other  coal  in  the  Johnstown 
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Basin,  and  the  recent  demand  for  it  has  been  greater  than  the 
supply.  The  six  analyses  (p.  40)  show  a  high-carbon  coal  with 
correspondingly  low  volatile  matter.  The  moisture  is  low,  but  the 
ash  and  sulphur  are  rather  high.  The  coal  mined  from  this  bed  at 
FrankUn  mine  No.  1  of  the  Cambria  Steel  Company  is  washed  and 
coked  at  the  Franklin  plant.  It  makes  a  coke  of  good  grade,  but 
owing  to  its  low  volatile  matter  it  is  not  considered  so  well  adapted 
for  beehive  ovens  as  some  of  the  richer  gas  coals  of  the  districts  farther 
west.  In  view  of  the  cost  of  shipping  coke  from  the  region  about 
Connellsville  and  Pittsburg,  it  is  cheaper  to  wash  and  coke  this  coal 
on  the  ground.  The  coal  is  worked  also  in  a  small  way  near  South 
Fork. 

LOWER   KITTANNING    (mILLER)    COAL. 
CHARACTBR  AVD  ZM PORTAVCE. 

The  next  lower  coal  of  importance  in  this  area  is  the  Lower  Kittan-  ' 
ning  or  B  coal,  also  widely  known  as  the  Miller  seam.  This  is  the 
most  persistent  of  the  valuable  coals  of  the  area.  From  the  analyses 
on  pages  40-42  it  will  be  seen  that  its  fixed  carbon  ranges  from  68 
per  cent  in  sample  No.  24,  collected  at  Wehrum,  Indiana  County,  to 
more  than  78  per  cent  in  samples  collected  at  South  Fork.  Its  volatile 
matter  ranges  from  14  to  19  per  cent.  Its  moisture  is  low;  only  a 
few  analyses  show  more  than  3  per  cent  and  in  none  of  them  does  it 
exceed  4  per  cent.  The  ash  and  sulphur  exhibit  considerable  varia- 
tion, as  might  naturally  be  expected  in  view  of  the  wide  extent  of  the 
territory  from  which  the  samples  were  collected.  The  samples  from 
South  Fork  have  the  lowest  content  both  in  sulphur  and  ash  and  show 
the  excellent  character  of  the  Lower  Kittanning  bed  in  this  part  of 
the  Wilmore  Basin.  As  a  steam  coal  it  ranks  among  the  very  best 
in  western  Pennsylvania,  the  coal  mined  about  South  Fork  probably 
equaling  any  other  steam  coal  in  this  part  of  the  State.  As  bearing 
on  this  point  the  following  table  has  been  prepared,  showing  its  posi- 
tion among  the  120-odd  coals  tested  at  the  fuel-testing  plant  of  the 
United  States  Geological  Surv-ey  at  St.  Louis,  Mo.,  since  the  summer 
of  1904.^  The  column  recording  the  number  of  pounds  of  water 
evaporated  by  1  pound  of  dry  coal  from  and  at  a  temperature  of 
212°  F.  gives  the  comparative  results  of  the  coals  tested  so  far  as 
these  relate  to  their  commercial  value. 


a  Bull.  U.  S.  Geol.  Survey  No.  261, 1905,  and  No.  '290, 190& 
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Chemical  composition  and  steaming  values  of  typical  Appalachian  coals. 


Location. 


Page,  Fayette  Coonty,  W.  Va 

Do 

McDooald,  Fayette  County,  W .  Va 

Big  Black  Mountain,  Harlan  County,  Ky 

Rush  Run,  Fayette  County,  W.  Va 

Shrenfeld,  Cambria  County,  Pa 

WinlflKde,  Kanawha  County,  W.  Va 

Acme.  Kanawha  County,  w.  Va 

Powellton,  Fayette  County,  W.  Va 

Near  Brets,  Preston  County,  W.  Va 


Num- 
ber of 
tests 
made. 


2 
1 
2 
2 
2 
5 
4 
4 
1 
3 


Average  chemical  composition. 


Mois. 
ture. 


4.06 
2.85 
2.76 
5.06 
2.12 
2.38 
3.79 
2.93 
3.42 
4.20 


Volatile 
matter. 


3a35 
3ai3 
2a  59 
34.77 
21.91 
16.53 
35.33 
32.66 
31.11 
28.05 


Fixed 
carbon. 


61.54 
64.78 
70.05 
56.31 
7a  73 
74.47 
55.76 
57.64 
59.47 
60.86 


Ash. 


4.05 
2.24 
6.61 
3.86 
5.24 
6.62 
5.12 
a  77 
6.00 
6.89 


Sul- 
phur. 


ago 

1.06 
.98 
.56 
.67 
.95 

1.11 

1.23 
.82 

1.28 


Average 

pounds  of 

water  evap^ 

orated 
from  and  at 
212"  F.  per 

pound  of 

dry  coal. 


ia545 
ia52 
ia36 
ia26 

iai95 
iai86 
iai6 
la  115 
iao9 ' 
iao7 


The  results  of  tests  on  the  Ehrenfeld  samples,  although  showing  a 
range  of  9.75  to  10.42  pounds  of  water  evaporated  per  pound  of  dry- 
coal  used,  are  yet,  when  averaged,  among  the  very  best  obtained  at 
the  testing  plant.  Each  sample  submitted  to  the  steaming  test  was 
analyzed,  and  the  accompanying  analyses  represent  averages  of  the 
total  number  made,  as  do  the  figures  representing  the  efficiency  of 
the  coals  as  steam  producers.  It  is  of  interest  to  note  that  the 
Ehrenfeld  coal  contains  the  largest  percentage  of  fixed  carbon  and  the 
lowest  amount  of  volatile  matter  of  all  the  samples. 

Other  samples  of  the  Lower  Kittanning  coal  tested  by  the  United 
States  fuel-testing  plant  from  January  1,  1906,  to  June  30,  1907, 
include  a  few  from  in  or  near  this  quadrangle.  The  results  of  these 
tests  are  given  below,  together  with  the  analyses  of  the  samples 
tested.  For  comparison  the  results  (given  above)  from  the  Ehren- 
feld coal  are  repeated. 

Chemical  composition  and  steaming  values  of  typical  Appalachian  coals. 


Location. 


Wehrum.  Blacklick  Creek  district,  Indiana 
County  • 

Lloydelf,  Cambria  County  (southeast  of 
quadrangle)  * 

Near  Seward,  Conemaugh  Furnace  district. 

^Westmoreland  County  * 

Ehrenfeld,  South  Fork  district,  Cambria 
County 


Num- 
ber of 
tests 
made. 


2 

2 
2 
5 


Average  chemical  composition. 


Mois- 
ture. 


2.17 
5.00 
3.15 
2.38 


VolatUe 
matter. 


17.58 
19.05 
20.55 
16.53 


Fixed  : 
carbon. 


Ash. 


Sul- 
phur., 


09.81 
66.78  [ 
67.75 
74.47 


ia45  4.62 
9. 18  1. 53 
8.56     1.79 


6  62 


95 


Average 
pounds  of 
water  evap- 
orated 
from  and  at 
212*  F.  per 
potmd  of 
dry  coal. 


9  19 
e9.52 
<'8.90 
10.186 


«  Bull  U.  8.  Ocol.  Survey  No.  332. 1908.  pp.  201.  202. 

*  Idem,  pp.  210, 211.     Lloydell  is  on  the  east  flank  of  the  Wilmore  Basin  and  on  the  quadrangle  to  the  east 

*  Test  made  on  briquets  from  the  coal. 

*  Bull  U.  8.  Oeol.  Survey  No.  332,  1908,  pp.  216.  217. 
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The  figures  obtained  in  the  last  column  give  comparative  commer- 
cial values  which  show  the  high  grade  of  the  Lower  Kittanning  coal 
as  coal  or  in  briquet  form  in  and  near  the  quadrangle.  It  is  of  inter- 
est to  see  how  the  analysis  and  steaming  values  of  the  coal  collected 
at  Lloydell  on  the  east  flank  of  the  Wilmore  Basin  compare  with  the 
results  obtained  near  Seward  in  the  area  to  the  west.  For  the  details 
of  the  conditions  governing  these  steaming  tests  the  reader  is  referred 
to  Bulletin  332. 

COXIHG  TESTS. 

The  Lower  Kittanning  (Miller)  coal  is  coked,  but  it  does  not  rank 
so  high  as  a  coking  coal  as  it  does  as  a  steam  producer.  Tests  on 
samples  yielded  the  following  results: 


Coking  tests  on  Lower  Kittanning  coal  in  Johnstown  quadrangle. 


Duration  of  test hours 

Site  as  used •     (a ) 

Coal  charged pounds. . 

Coke  produced &«.- 

Br«e«  pnxJuced {^^C 

Total  yield percent.. 


1. 

2. 

51 

Gl 

(«) 

(«) 

10.000 

9.750 

5.223 

5,779 

52.23 

59.27 

1.600 

262 

16.00 

2.69 

6&23 

61.96 

3. 


54 

(*) 

12.460 

8,144 

65.36 

332 

2.66 

68.02 


4. 


68 

(«) 

13.070 

8.129 

62.20 

420 

3.21 

65.41 


78 

(») 
11.7(V) 

7.350 

62.50 

529 

4.50 

67.00 


o  Finely  crushed. 


f>  Run  of  mine. 


Analyses  of  Lower  Kittanning  coal  and  of  coke  made  from  it. 


1. 


2. 


4. 


1  Coal. 


Moisture 

Volatile  matter 
Fixed  earl)on.., 

Ash 

Sulphur 


3.32 
lo.5(> 
74.29 

1.12 


Coke. 


0.91 

2. 10 

8vS.99 

7.94 

.91 


Coal. 


7.19 

17.86 

69.57 

5.3« 

l.ti3 


Coke. 


Coal. 


0.56 

.32 

91.10 

8.02 
1.40 


4.53 

18.56 

70.63 

6.28 

1.85 


Coke. 


0.57 

.55 

90.23 

8.65 

1.54 


Coal. 


3.91 
16.35 
68.30 
11.44 

2.78 


Coke. 


0.30 

.28 

84.95 

14.47 

2.31 


5. 


Coal.     Coke. 


6.30 

17.04 

69.58 

7.08 

1.34 


0.51 

.58 

89.85 

9.06 

1.11 


1.  Raw  bituminous  coal  from  mine  No.  3,  Pennsylvania  Coal  and  Coke  Company,  Ehrenfeld,  ooUected 
under  supervision  of  J   S.  Burrows.     Bull.  U.  S.  Oeol.  Survey  No.  290,  1906,  p.  181. 

2  and  3.  Washed  run-of-mine  coal  from  Wohrum,  collected  under  supervision  of  John  W.  Groves.  Ball. 
U.  S.  (Jeol.  Survey  No.  3:«,  1908,  p.  '2(13. 

4.  Raw  run-of-mlne  coal  from  a  mine  1)  miles  east  of  Seward,  collected  under  snpervlafon  of  John  W. 
Groves.    Bull.  U.  S.  Geol.  Survey  No.  332,  1908.  p.  218. 

5.  Washed  run-of-mine  coal  froiti  same  locality  as  No.  4. 

The  results  obtained  from  the  coking  tests  were  as  follows: 
The  coke  from  Lower  Kittanning  coal  collected  at  Ehrenfeld  (No.  1) 
was  soft  and  dense,  dull  gray  in  color,  with  a  heavy  black  butt.     It 
broke  in  large  and  small  chunks  and  was  difficult  to  bum.     The  cell 
structure  was  small. 

The  coke  from  the  first  test  (No.  2)  on  the  Wehrum  sample  was  soft 
and  dense  and  dull  gray  in  color.  The  high  content  in  sulphur  is 
worthy  of  note.     The  coke  from  the  second  test  (No.  3)  on  the  Wehrum 
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sample  was  light  gray  or  silvery  in  color  and  much  better  than  the 
coke  from  the  finely  crushed  coal  (No.  2).  It  also  was  high  in  sul- 
phur. The  coke  from  the  first  test  (No.  4)  on  the  sample  collected  IJ 
miles  east  of  Seward  was  light  gray  or  silvery  in  color  and  was  soft 
and  dense,  with  high  ash  and  sulphur.  The  coke  from  the  second  test 
(No.  5)  was  gray  in  color;  washing  produced  no  change  in  its  physical 
appearance  though  it  reduced  the  ash  and  sulphur  slightly.  As  in 
the  test  No.  4,  the  coke  was  soft  and  dense. 

It  may  be  added  that  the  yield  of  coke  in  all  the  above  tests  is  high. 
The  coal  mined  at  Franklin  (analysis  11,  p.  40)  is  coked  by  the  Cam- 
bria Steel  Company  in  by-product  ovens  for  use  in  the  company's 
plant  near  Johnstown  and  gives  satisfactory  results.  The  coal  is 
washed  before  coking,  thereby  adding  to  the  cost,  but  even  with  this 
additional  expense  it  is  found  cheaper  to  coke  this  coal  on  the  ground 
than  to  buy  coke  of  better  quality  from  the  Connellsville  region. 
Tests  have  been  made  by  the  Cambria  Steel  Company  with  the  coal 
mined  from  this  bed  about  Ehrenfeld,  and  the  resulting  coke  proved 
well  adapted  to  metallurgical  purposes.  The  yield  also  was  satisfac- 
tory. The  coal  mined  at  Nanty  Glo  from  this  bed  has  been  tested 
in  beehive  ovens  at  Gallitzin.  It  produced  coke  of  good  structure 
but  of  a  rather  dull  appearance.  As  was  to  be  expected,  an  insuffi- 
cient amount  of  sulphur  was  volatilized.  At  Bennington  this  coal, 
like  the  Upper  Freeport,  shows  a  higher  content  in  volatile  matter 
than  it  does  about  South  Fork  and  Johnstown.  The  Lackawanna 
Coal  and  Coke  Company  has  experimented  with  it  about  Wehrum, 
but  the  washeries  have  been  shut  down  and  the  results  of  the  coking 
tests  were  not  learned.  The  results  of  Survey  tests  have  already 
been  given  (p.  38).  The  Vinton  Colliery  Company  has  erected  a  by- 
product plant  at  Vintondale,  and  in  1907  a  considerable  part  of  the 
coal  mined  from  colliery  No.  6  was  coked. 

mscBLLAirEOxrs  tests. 

Other  tests  have  been  made  on  the  Lower  Kittanning  coal,  such 
as  producer-gas  tests,  washing  tests,  cupola  tests,  and  briquetting 
tests.  The  details  connected  with  these  are  given  where  this  coal  is 
considered  in  the  different  districts  (pp.  71-76,  83-88,  98-100). 

LOWER   ALLEGHENY   COALS. 

The  coals  below  the  Ijower  Kittanning  have  not  been  extensively 
(levelope<l  in  tliis  area.  At  South  Fork  a  bed  l^'ing  about  60  feet 
below  the  Miller  coal  and  known  locally  as  the  Dirty  A  or  Six-foot 
scam  has  been  opened.  It  is  possible  that  this  corresponds  to  the 
Brookville  (A)  coal  of  the  Allegheny  Valley.  It  has  a  composition 
indicated  by  analysis  36  on  pages  41-42,  and  from  the  high  ash  and 
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sulphur  content,  aggregating  more  than  15  per  cent,  deserves  the 
name  wliich  is  often  applied  to  it.  In  other  respects  the  analysis 
corresponds  with  those  of  other  coals  of  the  area,  being  relatively 
high  in  fixed  carbon  and  low  in  volatile  matter. 


COMPOSITION   OF  THE   COALS. 

The  coals  of  the  Johnstown  quadrangle  belong  to  the  soft,  lustrous, 
semibituminous  variety.  They  are  best  adapted  for  steaming  and 
domestic  purposes,  but  some  of  them  make  also  an  exceUent  coke. 
They  are  classed  as  smokeless  coals  because  of  their  small  content 
of  volatile  hydrocarbons.  They  are  uniformly  high  in  carbon  and 
contain  small  amounts  of  volatile  matter  and  moisture.  Their  ash 
and  sulphur  contents  are  variable  but  in  general  terms  high  compared 
with  other  Appalachian  coals — for  instance,  those  of  West  \lrginia 
and  eastern  Kentucky.  Some  analyses  of  samples  collected  accord- 
ing to  present  Survey  methods  are  listed  below. 

Analyses  of  coal  samples  from  Johnstown  quadrangle,  Pennsylvania.  O' 


Upper  Freeport  (E). 


Ix>wer 
Free- 
port 

(D).. 


Sample  as  received: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Loss  of  moisture  on  air  drying 

Alr-dritHl  sample: 

Moisture 

Volatile  matter 

Fixed  carl)on 

Ash 

Sulphur 


—           — 

1. 

2. 

3. 

2.65 
14.  W) 
72.38 
10.11 

i06 

2.82 
15.  61 
70.32 
11.25 

2.42 

3.04 

16.27 

73.47 

7.22 

2.18 

2.00 


16. 16 

73.  8<i 

10.  32 

2.10 


2.10 

2.50 

.74 

.  55 

15.94 

16.69 

71.83 

75.35 

11.49 

7.41 

2.47 

2.24 

4.73 

13.  78 

?2.  27 

9.22 

1.09 

4.00 


.76 

14.35 

75.28 

9.61 

1.14 


Upper  KIttennIng  (C). 


5. 


2.81 

15.07 

?2.64 

9.48 

1.92 


6. 


9. 


10. 


2.20 


.62 

15.41 

74.  28 

9.  69 

1.96 


1.67 

2.60 

1.94 

2.93 

a  51 

18.52 

14.10 

15.81 

13.47 

17.16 

69.14 

72.05 

7a  77 

74.06 

69.04 

ia67 

11.25 

11.48 

9.54 

ia29 

3.46 

2.79 

3.73 

1.88 

2.01 

1.00 

2.00 

1.20 

2.20 

2.30 

.68 

.61 

.75 

.76 

1.24 

18.71 

14.39 

l&OO 

13.77 

17.56 

69.84 

73.52 

71.63 

75.73 

7a  67 

10.77 

11.48 

11.62 

9.75 

ia53 

3.49 

2.85 

3.78 

1.92 

'2.06 

z 

a. 


Lower  Kittanning  (B). 


11. 


2.70 


Sample  as  received: 

f  Moisture 

Volatile  matter |  1.5.  64 

Fixed  carbon i  74.  o;} 

/Ash 7.Ji:i 

ISuIphur 1.93 

.   Hydrogen 

^<  Carbon 

^  Nitrogen 

Oxygen 

Calorinc  value  determined: 

Calories 

British  thermal  units 


7,823 
14,081 


14. 

15. 

16. 

17. 

18. 

2.79 

17.76 

73.20 

&25 

1.88 

19. 

20. 

L78 
15.19 
73.25 

9.78 
4.50 
4.16 

2.21 
14.:fi 
78.16 

5.31 
.47 

2.24 
15,70 
78.37 

3.69 
... 

2.a3 

17.85 
73.24 

6.  28 
1.49 

3.12 

17.89 

7a  85 

8.14 

2.74 

ao7 

17.64 

72.  S5 

6.44 

L38 

77.10 

1.41 

3.a'> 

7,612 

1 

13, 702 







Loss  Of  moisture  on  air  drying..!    1.80  |    L  40  i    1.90      1.10      1.60      1.60      2.00      2.10      2.50  i      2.50 


o  All  analyses  given  in  thb  paper,  unless  otherwise  stated,  were  made  at  the  fuel-testing  plant  of  the 
United  States  Geological  Survey  at  St.  LouLq.  Mo.:  J.  A.  Holmes  in  charge;  F.  M.  Stanton,  chemist. 
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Analyses  of  coal  samples  from  Johnstown  quadrangle^  Pennsylvania — Continued. 


• 

Lower  KIttanning  (B)— Con  tinned. 

11. 

12. 

13. 

14 

15. 

16. 

17. 

1& 

19. 

20. 

Alr-dr 

i 

led  sample: 

riioistiire 

a  91 

1&93 

75.39 

7.77 

1.97 

a64 

14.67 

7&38 

a  31 

229 

4.04 

81.10 

1.27 

299 

7,934 
14,281 

a93 

1494. 

77.22 

&91 

1.36 

a60 

15.36 

7406 

a89 

455 

408 

77.95 

1.43 

ZIO 

7,697 
13,854 

a62 
14  55 
79.43 

5.40 
.48 

a65 
1&95 
79.65 

a  75 
.78 

a64 

ia2i 

74  74 
6.41 
1.52 

a  71 

iai4 

74  77 
6.^ 
1.92 

a64 

ia35 

72.67 

a34 

2.81 

a58 

Volatile  matter 

Fixed  carbon 

laoo 

7472 

J  Ash. 

&61 

[\Sulphur 

L42 

Hydroiwnr « , , 

**  J  ua  v^wu. 

Carbon 

P 

Nitrogen. 

CalorU 
Ca 

c  vanie  determined: 
lories 

Br 

, 

X 


Sample  as  received: 

rMoisture 

Volatile  matter 

Fixed  carbon 

iAsh 

ISulphur 

.  ayoTogsa 

5<  Carbon 

*^  Nitrogen 

Oxygen 

Calorfnc  value  determined- 
Calories 

British  thermal  units. . 


Loss  of  moisture  on  air  drying. 


O 


Air-dried  sample: 

Moisture 

Volatile  matter 

Fixed  carbon 

JAsh 

\SuIphur 

Hydrogen 

Carbon 

Nitrogen 

(Oxygen 

Calorific  value  determined- 
Calories 

British  thermal  units. . 


U> 


Lower  Kittanning  (B)— Continued. 


21. 


2.80 

17.30 

73.28 

6.62 

2.46 


2.00 


.82 

17.65 

74  77 

6.76 

2.51 


22. 


3.45 

18.82 

71.18 

6.55 

2.01 


3.00 


.46 

19.40 

73.38 

6.76 

2.07 


23. 


2.59 

18.91 

70.33 

8.17 

404 


2.00 


.60 

19.30 

71.77 

8.33 

412 


24. 


3.83 

19.03 

67.89 

9.25 

457 


3.30 


.55 

19.68 

70.20 

9.57 

473 


25. 


2.84 

17.47 

71.42 

8.27 

3.11 


7,821 
14,079 


2.40 


.45 

17.90 

73.18 

8.47 

3.19 


8.013 
14,423 


2(i. 


3.13 

17.61 

69.45 

9.81 

3.77 

4  62 

76.41 

1.14 

4  25 

7,664 
13,795 


2.80 


.34 

18.12 

71.45 

10.09 

3.88 

4  43 

78.61 

1.17 

1.82 

7,885 
14.103 


27. 


2.67 

18.09 

69.01 

10.33 

3.97 

4  43 

75.89 

1.16 

4  22 

7,618 
13.712 


2.10 


.48 

18.48 

70.49 

10.55 

406 

4:29 

77.52 

1.18 

2.40 

7,781 
14,006 


I 


28. 


3.49 
16.12 
74  68 

5.71 
.95 


2.80 


.71 

16.58 

76.83 

5.88 

.98 


Lower  Kittanning  (B)— Continued. 


29. 


Sample  as  received: 

.rifolsture 

g  I  Volatile  matter. 

•^  I  Fixed  carbon.. 

[Ash 


UAsl 

\Sulphur. 
Hv< 


rdrogen 

Carbon 

Nitrogen 

lOxygen 

Oiloriflc  value  determined- 
Calories 

British  thermal  units. . 


3.09 

16.66 

74  79 

5.46 

1.18 


30. 


2.31 

13.99 

76.69 

7.01 

1.19 


of  moisture  on  air  drying. 


2.20  I     1.(50 


31. 


1.10 

15.80 

75.69 

7.41 

L49 


32. 


0.59 
16.61 
76.76 

6.04 
.91 


33. 


2.80 

17.92 

71.32 

7.96 

2.29 


34. 


2.48 

17.87 

70.41 

9.24 

3.03 


7.679 
13,822 


2.30  I    2.00 


35. 


400 
15.89 
60.57 
10.54 

2.85 


7.415 
13.347 

.3.60 


iBrook* 
ville. 
I  (A). 


36. 


2.35 

1430 

7L40 

11.96 

3.30 

4  22 

76c  16 

1.13 

4  24 

7.382 
13.288 

1.80 
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Analyses  of  coal  samples  from  Johnstown  quadrangle,  Pennsylvania — Continuod. 


Lower 

Kittanning  (B)— Continued. 

Brook- 

ville, 
(A). 

29. 

0.91 

17.03 

76.47 

j}.59 

1.21 

3a 

0.72 

14.22 

77.94 

7.12 

1.21 

31. 

32. 

33. 

0.51 

18.  ?4 

73.00 

8.15 

2.34 

34. 

3& 

a  42 

16.48 

72.17 

10.93 

2.96 

3& 

Air-dried  sample: 

.  rifoisture 

0.49 

18.23 

71-85 

9.43 

3.09 

0.56 

g 

Volatile  matter 

14.56 

i 

Fixed  carbon 

72.71 

rAsh 

12.1" 

Salphur 

3.36 

UvdroKen 

4.09 

Carbon 

76.53 

t> 

Nitrogen 

1.15 

Oxygen 

2.T1 

Ca 

lorinc  value  dett^rmined— 
Calories 

7.836 
14,105 

7. 692 
13.84G 

7.517 

British  thermal  units 

13.532 

1. 

2. 
3. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 

15, 
17, 
19. 
20. 
21. 
22. 


Conemaugh  slope. 

Johnstown. 

South  Fork. 

Stony  Creek,  near  trolley  bridge  between  Mox- 
hom  and  Femdale,  south  of  Johnstown. 

South  Fork. 

Franklin. 

Dale. 

Johnstown. 

Moxbom. 

Solomons  Run,  southeast  of  Johnstown. 

Franklin. 

Johnstown. 

Near  Walsall. 

Stony  Creek,  Somerset  County,  south  of  quad- 
rangle. 

16.  South  Fork. 

18.  Nanty  Glo. 

Vlntondale. 

Twin  Rooks. 

Near  Weber  Station,  Blacklick  Creek. 

Twin  Rocks. 


23.  Wehrum. 

24,  25.  Wehrum.    Mine  samples;  see  Bull.  U.  S. 

Oeol.  Survey  No.  332, 1908,  p.  201. 
26,  27.  Wehrum.    Car  samples;  see  Bull.  U.  S. 

Geol.  Survey  No.  332, 1906,  p.  201. 
28,  29.  Ehrenfeld.   J.  S.  Burrows,  collector;  see  Bull. 

U.  S.  Oeol.  Survey  No.  290. 1906,  p.  179. 

30.  Scalp  Level. 

31,  32.  Wlndber.    Carload  shipped  by   operators 

from  Eureka  No.  31  mine  to  St.  Loub;  see 
Bull.  U.  S.  Oeol.  Survey  No.  261, 1905.  p.  51. 
Eureka  No.  31  mine  is  not  in  the  Johnstown 
quadrangle,  and  the  correlation  of  the  coal 
bed  where  the  sample  was  procured  is  left 
open. 
33,  34.  Near  Conemaugh  Furnace.  Mine  samples; 
see  Bull.  U.  S.  Oeol.  Survey  No.  332,  1908, 
p.  216. 

35.  Near  Conemaiigh  Furnace.    Car   samples;    see 

Bull.  U.  S.  Oeol.  Survey  No.  332, 1906,  p.  216. 

36.  South  Fork. 


DESCRIPTION  BY  DISTRICTS. 

For  convenience  in  reference  and  from  the  commercial  point  of 
view  the  coal  resources  of  the  Johnstown  quadrangle  are  described 
by  districts,  as  follows:  Johnstown  district,  South  Fork-Mineral 
Point  district,  Blacklick  Creek  district,  Windber  district,  and  Cone- 
maugh Furnace  district.  The  territory  included  in  these  different 
districts  will  bo  outlined  in  the  descriptions. 


JOHNSTOW^N    DISTRICT. 


EXTSn^T. 


The  Johnstown  district  includes  the  territory  about  the  city  of 
Johnstown  and  its  suburbs;  the  hills  along  the  valley  of  Conemaugh 
River,  extending  from  East  Conemaugh  and  Clapboard  Run  on  the 
east  to  Laurel  Run  and  the  base  of  Laurel  Ridge  on  the  w^est;  the 
region  along  Stony  Creek  and  its  tributaries,  Solomons  Run,  Sams 
Run,  and  Bens  Creek;  and  a  few  smaller  areas  back  in  the  country 
and  away  from  the  channels  of  transportation. 
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COHZKAXTOH  COALS. 

CHARACTER  AND  DISTRIBUTION. 


The  Conemaugh  formation  outcrops  in  all  the  hills  in  the  immediate 
vicinity  of  Johnstown.  In  a  section  of  300  feet  of  this  formation 
measured  by  John  Fulton  *  above  the  Upper  Freeport  coal  at  Pros- 
sers  Knob,  near  the  city,  but  3  inches  of  coal  was  detected  about  65 
feet  above  the  Upper  Freeport  coal.  A  section  was  measured  on 
the  hill  above  the  plant  of  the  Johnstown  Pressed  Brick  Company 
in  which  400  feet  of  beds  with  concealed  intervals  were  observed 
(see  pp.  115-116),  and  no  bed  of  coal  was  detected  or  reported  as  of 
workable  thickness.  It  is  probable,  therefore,  that  in  the  Johnstown 
district  the  Conemaugh  formation  contains  no  bed  of  coal  which 
under  present  conditions  is  of  commercial  importance. 


OALLITZIN   COAL. 


In  the  vicinity  of  Johnstown  the  Gallitzin  coal  averages  about  100 
feet  above  the  Upper  Freeport  coal.  Some  of  the  diamond-drill  records 
obtained  in  the  hills  east  of  the  city  note  a  coal  1  foot  in  thickness 
slightly  more  than  100  feet  above  the  Upper  Freeport.  The  maxi- 
mum thickness  of  this  bed  appears  to  be  less  than  2  feet  and  it  is  in 
places  less  than  1  foot  thick.  In  some  of  the  sections  a  coal  appears 
as  low  as  70  feet  above  the  Upper  Freeport.  Where  there  is  but  a 
single  coal  in  the  lower  110  feet  of  the  Conemaugh  it  is  difficult  to 
decide  whether  it  is  the  representative  of  the  Gallitzin  or  of  the 
next  lower  bed,  the  Malioning  coal.  What  is  believed  to  be  the 
equivalent  of  the  GaUitzin  has  been  noted  well  up  on  South  Fork  of 
Bens  Creek,  also  on  the  west  side  of  the  hill  south  of  Kring  and  west 
of  Ingleside,  and  there  is  evidence  that  it  has  been  prospected  in  both 
these  localities.  Its  position  was  located  on  the  Johnstown-Geistown 
road,  along  the  trolley  Une  south  of  Island  Park.  Where  measured 
along  the  roadside  it  is  very  tliin.  It  may  be  said  that  its  occurrence 
in  the  Johnstown  Basin  is  fairly  widespread  but  that  it  is  too  thin 
to  be  classed  among  the  future  workable  beds  in  this  part  of  the 
quadrangle. 

MAHONINO   COAL. 

The  Mahoning  coal  occurs  very  close  to  and  above  the  Johnstown 
ore  bed  and  between  50  and  55  feet  above  the  Upper  Freeport  coal 
in  the  region  near  Johnstown.  It  consists  where  seen  to  best  advan- 
tage of  two  benches,  as  shown  in  the  following  section  measured 
above  the  Baltimore  and  Ohio  Railroad  tunnel  on  Stony  Creek  south 
of  Johnstown: 


«  Seo  pp.  17-lB,  this  bulletin;  also  Second  (leol.  Survey  Penuaylvania,  vol.  112,  1877,  p.  97. 
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Section  of  Mahoning  coal  90uth  of  Johnstown. 
Shale  roof.  Ft.  in. 

Coal 5 

Shale,  drab,  foesiliferouB 2    0 

Coal 6 

Fire  clay,  dark. 

It  is  nowhere  worked,  so  far  as  known,  and  it  can  not  be  considered 
among  the  future  workable  coals  of  the  area. 

ALLBOHSHY  COALS. 
OEOLOOIC  POSITION. 

Four  coals  of  workable  thickness  occur  in  the  Allegheny  formation 
in  the  Johnstown  district-^the  Upper  Freeport  or  Coke  Yard  bed, 
the  Lower  Freeport  or  Limestone  bed,  the  Upper  Kittanning  or 
Cement  bed,  and  the  Lower  Kittanning  or  Miller  bed.  These  are 
also  known  by  letters  as  the  E,  D,  C^,  and  B  coals,  respectively. 
The  Middle  Kittanning  also  occurs,  but  so  far  as  known  is  of  work- 
able thickness  at  only  a  few  points  and  therefore  can  not  be  classed 
among  the  commercial  coals  of  the  district.  All  the  coals  except 
the  Lower  Kittanning  lie  at  convenient  intervals  above  drainage 
level  in  the  hills  immediately  surrounding  Johnstown  and  are  exten- 
sively worked. 

The  entire  Allegheny  formation  is  exposed  in  the  Johnstown  dis- 
trict. Several  sections  obtained  at  widely  scattered  points  serve  well 
to  illustrate  the  variations  in  the  character  of  its  rocks  as  well  as  the 
intervals  which  separate  the  coals.  The  sections  were  measured  by 
hand  leveling  and  by  rule.     Some  of  them  are  as  follows: 

(1)  Section  of  upper  part  of  Allegheny  formation  near  Valley  Coal  and  Stone  Company' i 

miney  on  Stony  Creek, 

Ft.  in. 

Coal,  Upper  Freeport  (E  or  Coke  Yard  coal) 3      3 

Shale 14 

Shales,  dark,  concretionary 10 

Shales,  blue 25 

Sandstone,  laminated 5 

Shales  and  sandy  shales 10 

Coal,  1  foot 

Bone,  IJ  inches... 

Coal,  1  foot  7  inches 

Bone,  1  inch 

Coal,  3  J  inches 

Limestone 

Shale  and  sandstone 

Shale,  blue 

Coal,  Upper  Kittanning  (Cement  or  C  coal) / 

Shale 

Limestone 3  J-4 

Shale,  sandy,  containing  limestone  concretions S-IO 

Sandstone,  massive. 


Lower   Freeport   (D    or   Limestone  1 
coal).  / 


o 

6 

8 

15 

4 

9 

to  5 

5 

1 
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The  interval  between  the  Upper  Freeport  and  Upper  Kittanning 
coals  m  the  above  section  is  about  90  feet. 

The  section  is  carried  still  lower  by  one  measured  south  of  the 
tunnel  on  the  Baltimore  and  Ohio  Railroad,  which  shows  the  relative 
positions  of  two  small  beds  occurring  between  the  Upper  Kittanning 
or  Cement  bed  and  the  Lower  Kittanning  or  Miller  bed.  This  section 
is  as  follows: 

(2)  Section  of  Upper  Kittanning  coal  and  underlying  coals  south  of  tunnel  on  Baltimore 

and  Ohio  Railroad. 

Ft.         in. 

Coal,  Upper  Kittanning  (Cement  or  C^  bed) 5         2 

Shale 8-12 

Limestone 6 

Shales,  gray,  concretionary 4-5 

Shale,  drab,  containing  abundant  ferruginous  limestone  con- 
cretions        6 

Shale,  black 12-14 

Coal IJ 

Shale,  blue,  with  ferruginous  limestone  concretions 6 

Shale,  sandy 6        10 

Coal 71 

The  intervals  between  the  three  main  coals  in  the  upper  part  of 
the  Allegheny  formation,  as  well  as  the  character  of  the  intermediate 
rocks,  are  given  in  the  following  section  obtained  in  the  ventilating 
shaft  of  the  Rolling  Mill  mine  of  the  Cambria  Steel  Company  on  Mill 
Creek: 

(3)  Section  of  upper  part  of  Allegheny  formation  on  Mill  Creek. 

Upper  Freeport  coal.  Feet. 

Concealed 20 

Concealed  by  mine  timber 22 

Shale,  hard 6 

Sandstone 4 

Shale 31 

Coal,  Lower  Freeport  (Limestone  or  D  coal) IJ 

Limestone,  nodular 2 

Shale,  dense,  drab,  or  clay 10 

Shale,  blue,  irregularly  bedded 4 

Shale,  light  drab 7 

Sandstone 3 

Shale 3 

Shale,  sandy 8 

Top  of  Cement  coal. 

The  interval  between  the  Upper  Freeport  and  Upper  Kittanning 
coals  here  is  between  90  and  95  feet. 

The  following  section  was  measured  by  F.  B.  Peck  and  W.  C. 
Phalen  on  the  Eighth  Ward  road,  south  of  Kemville: 
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(4)  Section  of  upper  part  of  Allegheny  formation  on  Eighth  Ward  roadf  south  of  KemviUe, 

Ft    In. 
Coal,  3  feet  8  inchesjj^jj  ^^^^  Preeport  (Coke  Yard  or  El    ^      3 

coal').  r 


►Ivower  P>eeix)rt  (Limestone or  D  bed)      4      1 


Clay,  4  inches 

Coal,  3  inches 

Clay 2  .    6 

Coal 3 

Shale 5 

Shales,  ferruginous 10 

Sandstone,  argillaceous 8 

Sandstone,  concretionary 3 

Sandstone,  massive 19 

Shale,  black , 3 

Sandstone 4 

Shale,  black 3 

Coal,  7-8  inches... 

Bone,  i-1  inch 

Coal,  8  inches 

Shale,  black,  2  inches 

Coal,  2  feet  6  inches. 

Shale,  black 6 

Limestone 3      ^ 

Shale,  blue 5 

Shale,  massive,  drab,  ferruginous 7 

Shale,  sandy 8      6 

Shale,  blue-black 4 

Coal,  Upper  Kittanning  (('ement  or  C^  bed) 3      9 

Shale I 

Limestone 5 

Shale 3  •    6 

Shale,  sandy 5 

Shale,  black  and  brown 3 

(V>al 1 

Shales,  sandy 5 

Shales 20 

Coal 11 

Shales 25 

The  interval  here  between  the  Upper  Freeport  and  the  Upper  Kit- 
tanning  coals  is  about  85  feet. 

The  following  section  is  of  interest,  as  it  shows  a  coal  between  the 
Lower  Freeport  and  Upper  Kittanning  beds,  presumably  the  same 
bed  as  that  above  the  Upper  Kittanning  at  the  mouth  of  the  Rolling 
Mill  mine  and  on  Dalton  Run. 

(5)  Section  of  upper  part  of  Allegheny  formation  aouth  of  stone  bridge  on  Stony  Creek^ 

Johnstoxin. 

Coal,  6  inches 

Bone   1  inch  ^^     1*^ 

C<ml,'6i  inched'.'.' 4''"^'^    ''"'*'''"'^   d-imestone   or    1)1  ^ 

Shale.linch <•"«" ^  "      "* 

Coal,  1  foot  7  inches 

Fire  clay 1 

Shale 3 


Ft. 

In. 

2 

6 

18 

8 

9 

3 

6 

8 

4 
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Limestone 

Shales 17-18 

Coal 

Bone 

Shales,  brown,  with  concretions 

Shale,  sandy 

Top  of  cement  coal. 

The  following  section  was  measured  in  a  small  gully  on  the  main 
line  of  the  Pennsylvania  Railroad  half  a  mile  east  of  Conemaugh 
depot. 

(6)  Section  of  upper  part  of  Allegheny  formation  on  Pennsylvania  Railroad  east  of  East 

Conemaugh. 

Ft    in. 

Coal,  3  feet  3  inches 

Bone,  2  inches Upper  Freeport  (Coke  Yard  or  E  coal).      3      9} 

Coal,  4i  inches 

Shales 18 

Shale  and  sandstone  beds 12 

Shales 4    10 

Coal 8 

Fire  clay 4 

Limestone,  green  sandy 6 

Sandstone,  laminated 6 

Sandstone,  shaly 5 

Sandstone,  massive 40 

Coal,  Upper  Kittanning  (Cement  or  C'' coal) 2    llj 

Limestone 2 

Shale,  gray,  with  limestone  nodules 1      6 

Limestone 5 

Shale,  gray,  with  ferruginous  concretions 5 

Shales,  blue 17 

Railroad  level. 

Shale,  blue,  with  ferruginous  limestone  concretions 10 

Limestone  nodules,  blue,  to  creek  level. 

The  above  section  was  completed  down  to  the  Lower  Kittanning 
coal  by  a  section  a  short  distance  to  the  west.  Part  of  it  could  not 
be  hand  leveled  but  had  to  be  measured  by  barometer.  The  section 
is  as  follows: 

(7)  Section  between  Upper  Kittanning  (CO  and  Lower  Kittanning  (B)  coala. 

Base  of  Upper  Kittanning  (C''  or  Cement  coal). 
Shales,  bluish  and  gray  (containing  a  small  coal  locally),  with 

concretions;  40  feet  of  these  shales  are  represented  in  the  pre-    Ft    in. 

ceding  section 50 

Coal - lOJ 

Shales,  greenish  blue 6      8 

Sandstone,  gray 1      9 

Shale,  black 1      5 

Sandstone,  blue,  thick  bedded 5      8 

Approximate  interval  made  up  chiefly  of  sandstone  to  Lower 

Kittanning  (Miller  or  B  bed) 25± 
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The  above  sections  well  illustrate  the  character  of  the  All^ghfiny 
rocks  between  the  Lower  Kittanning  (Miller)  coal  and  the  Upper 
Freeport  (Coke  Yard)  bed.  The  opportunities  for  measuring  the 
interval  from  the  Lower  Kittanning  to  the  top  of  the  PottsviUe  are 
rare  near  Johnstown.  On  Clapboard  Run  this  interval  is  about  70 
feet.  On  Stony  Creek  south  of  the  area  the  character  of  the  rocks 
making  up  the  interval  was  carefully  determined  and  the  section 
hand  leveled.    This  section  of  the  lower  Allegheny  is  as  follows:  - 

(8)  Section  from  top  of  PottsviUe  to  Lower  Kittanning  (Miller  or  B  coal)  on  8Um^  Osdfc, 

south  of  Johnstown  quadrangle. 

Coal,  3  feet  8i  inches 


Ft    In. 
Bcoal) /    5      2i 


Lower  Kittanning  (Miller  orl 


Bone  or  black  shale,  3^  inches 

Coal,  31  inches 

Bone,  1  inch 

Coal,  10  inches 

Fire  clay 4      S 

Sandstone,  gray,  laminated 9      S 

Sandstone,  massive 40 

Shale 2 

Coal  and  bone 3      7 

Shale 10 

Sandstone,  laminate<l 5 

Top  of  PottsviUe. 

The  interv'al  from  the  base  of  the  Lower  Kittanning  coal  to  the  top 
of  the  PottsviUe  here  is  about  75  feet,  which  is  verv  close  to  the 
intcrv^al  of  70  feet  measured  on  Clapboard  Run. 

In  this  section  but  one  coal  appears  between  the  top  of  the  Potts- 
viUe and  tlie  base  of  the  Lower  Kittanning  (Miller)  bed,  but  in  places 
two  coals  occur  in  this  interval,  as  in  the  section  of  the  lower  Alle- 
gheny rocks  obtained  near  the  brick  plant  of  A.  J.  Haws  &  Sons 
(Limited),  west  of  Coopersdale.     (See  p.  24,  fig.  2,  section  A.) 

Many  other  measurements  of  the  intervals  between  the  coals  of 
the  Allegheny  were  obtained  in  and  near  Johnstown.  (See  fig.  2.) 
Thase  intervals  and  those  brought  out  in  the  sections  given  above 
will  be  described  in  detail  in  considering  the  stratigraphy  of  the  indi- 
vidual coal  beds. 

UPPER   FREEPORT   COAL. 

Name  and  pos^itioii, — In  the  JohnstoA^ai  district  the  Upper  Freeport 
or  top  coal  of  the  Allegheny  formation  is  commonly  known  as  the 
Coke  Yard  coal,  from  the  fact  that  it  was  coked  in  the  early  days  of 
the  iron  industry  at  the  old  Cambria  furnace  on  Laurel  Run.  It  is 
also  frequently  referred  to  as  the  E  coal.  It  lies  at  the  top,  indeed 
marks  the  top,  of  the  Allegheny  formation,  being  separated  from  the 
usually  massive  Mahoning  sandstone  member  (of  the  Conemaugh  for- 
mation) above  by  a  few  feet  of  shales,  and  being  located  between  255 
and  265  feet  above  the  top  of  the  PottsviUe  formation,  or  ''Conglomer- 
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ate  Rock/'  as  it  is  popularly  known.  Its  relation  to  the  other  coals 
in  the  Allegheny  formation  are  shown  in  figure  2  and  may  be  learned 
from  most  of  the  sections  just  given  (pp.  44-47). 

Extent  aTid  deveUypment. — The  Upper  Freeport  is  present  in  all  the 
hills  along  Conemaugh  River  near  the  city  and  its  suburbs,  extending 
as  far  to  the  west  as  the  hills  bordering  east  of  Laurel  Run.  It  is  also 
above  drainage  level  on  Clapboard,  Hinckston,  and  St.  Clair  runs  and 
practically  along  the  entire  course  of  Stony  Creek  and  its  tributaries, 
Solomons  and  Sams  runs.  It  is  not  above  drainage  level  through  the  . 
entire  course  of  Bens  Creek  in  this  area,  as  the  synclinal  trough  in 
Somerset  County  causes  its  disappearance  for  a  short  distance,  but 
even  there  it  is  not  deeply  buried.  Plate  I  gives  an  excellent  idea  of 
its  outcrop  in  the  vicinity  of  Johnstown. 

Wherever  the  coal  is  exposed  it  has  been  worked  fairly  extensively, 
and  it  is  now  being  worked  on  a  large  scale  in  many  mines  about 
Johnstown.  The  most  important  workings  are  those  of  the  Cambria 
Steel  Company  at  the  Conemaugh  slope.  The  Femdale  Coal  Com- 
pany also  operates  on  an  extensive  scale.  Many  smaller  mines  on 
this  coal  bed  are  worked  the  year  round,  and  many  small  banks,  from 
which  coal  is  never  shipped  by  rail,  are  worked  only  during  the  winter 
season.  The  most  important  mines  on  this  coal  are  indicated  on 
Plate  I. 

Chemicai  character. — ^The  composition  of  the  Upper  Freeport  coal 
in  the  Johnstown  district  is  shown  in  analyses  1  and  2,  on  page  40. 
These  analyses  indicate  this  coal  to  be  a  high-carbon  coal  with  com- 
paratively low  moisture.     The  ash  and  the  sulphur  are  high. 

Occurrence  and  physical  character. — Average  and  typical  sections  of 
the  Upper  Freeport  coal  in  the  Johnstown  district  are  shown  in  figure 
4.  The  main  bench  averages  between  3  feet  and  3  feet  10  inches  in 
thickness,  more  nearly  the  former  than  the  latter.  In  places  there 
is  present  a  lower  bench,  which  only  exceptionally  (as  at  the  mine  of 
Lewis  Eppley,  on  Hinckston  Run)  exceeds  4  or  5  inches  in  thickness. 
This  lower  bench  is  separated  from  the  main  bench  by  a  thin  bone 
or  shale  parting  rarely  more  than  5  or  6  inches  thick.  The  lower 
part  of  the  coal  bed  is  in  some  places  so  intimate  a  mixture  of  coal 
and  bone  that  it  is  difficult  to  differentiate  the  two.  Such  is  the  case 
in  section  19,  obtained  at  the  south  portal  of  the  tunnel  of  the  Balti- 
more and  Ohio  Railroad  on  Stony  Creek.  (See  PI.  VII,  B.)  At  a 
bank  on  Bens  Creek  the  coal  shows  a  section  (No.  21)  quite  different 
from  the  usual  one,  but  this  section  was  obtained  at  a  point  several 
miles  away  from  most  of  the  other  sections,  and  the  lack  of  measure- 
ments in  the  intermediate  territory  makes  it  impossible  to  state 
whether  the  thinning  shown  is  local  or  general  to  the  west  of  the 
Johnstown  Basin.     However,  to  the  north  of  this  point,  on  St.  Clair 

69516"— Bull.  447—11 d 
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Run,  the  section  seems  to  be  as  usual.  Only  the  main  bench  of  this 
co&l  is  ever  worked,  and  all  the  coal  below  the  main  bench  serves  as  a 
floor,  except  where  it  is  necessary  to  remove  it  for  head  room. 

As  a  rule  no  partings  were  noted  in  the  main  bench  of  this  coal  in 
the  Johnstown  district,  a  particular  in  which  it  differs  markedly  from 
the  equivalent  bed  about  South  Fork  and  along  the  southeastern 
flank  of  the  Wilmore  Basin.  Its  maximum  thickness  nowhere  exceeds 
5  feet  and  usually  ranges  near  4  feet.    The  minimum  thickness  may 


FioiTRE  *.— Brctloiuof  (ho  I'pper  Pnapon  (Eor  Coke  Y«rd 
Scale,  llnch-5leet. 

1.  Lawlg  Kpplej,  IllDCkston  Run,  above  Rotedole. 

2.  Canemaugh  sLaiie,  Cambria  Sxttl  Compaay,  wot  ol  Ktat  Coneinsugh. 

3.  Counlry  bank  In  nivln«.  north  ol  Pcnng; Ivanla  Railroad,  northast  of  Eul 
«.  L.  J.  Ultchdl,  mouth  ol  Clapboard  Run. 
S.  Charlen  ITmbaTKfr,  bead  ol  Clapboard  Itun. 

A.  Jobnitown  PmHHl  Brick  Company.  Frankstown  n»d. 

7.  Wllbam  Davfi,  Frankatown  road. 

S.  WllUam  SchaeOer,  Shingle  Run,  Dale. 

0.10.11,12.  Berkeblle  Coal  Company,  Dale,  north  otUoiham. 

Country  bank.  Sams  Run.  ]U3t  above  Highland  Toal  and  Coke  Company's  mine. 

Fmidale  Coal  Company,  Oniblown  opening 
IS.  Ferndale  Coal  Company. 
IS.  Counlry  bank.  Roxbury. 

IT.  Natural  eiponire  along  trolley  line,  opposite  VnWty  Coal  and  Slone  Cumpany'a  mlDa. 
Ig.  Natural  eiposure  along  trolley  line,  Mulh  at  Island  Park, 

19.  South  portal  of  Baltimore  and  Ohio  Railroad  tunnel,  aonth  ol  Johnstown. 

20.  Natural  exposure  on  Btony  Creek  near  mhie  ol  Valley  Coal  and  Stone  Compsay. 

21.  Dens  Creek,  SometsetCoanty. 

22.  CooDUy  bank,  at.  Clair  Run. 

be  regarded  as  2  feet,  though,  as  in  all  coal  beds,  local  rolls  pinch  the 
coal  out  altogether.  Such  rolls,  however,  appear  to  be  extremely 
rare  in  this  coal  bed,  which  is  characterized  by  marked  uniformity. 
There  are  few  or  no  clay  veins.  The  roof  is  usually  shale  or  shaly 
sandstone,  in  places  bony.  It  is  generally  firm,  but  draw  slate  is 
occasionally  reported.  In  some  of  the  mines  great  care  is  taken  in 
propping  to  prevent  falLi. 
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LOWER  FREBPORT  COAL. 

Name  and  position. — The  next  lower  coal  of  importance  in  the 
Allegheny  formation  in  the  Johnstown  district  is  the  Lower  Freeport 
or  D  coal.  It  is  popularly  known  as  the  Limestone  coal,  and  is  better 
known  about  Johnstown  under  this  name  than  under  either  of  the 
other  two. 

It  lies  from  50  to  65  feet  below  the  Upper  Freeport  (Coke  Yard) 
coal  and  from  25  to  36  feet  above  the  Upper  Kittanning  (Cement) 
coal  in  the  valley  of  Stony  Creek,  both  south  and  west  of  Johnstown. 
On  Mill  Creek  it  is  55  feet  below  the  Upper  Freeport  coal  and  about  37 
feet  above  the  Upper  Kittanning  coal.  On  Peggys  Run,  near  the 
Franklin  mine  of  the  Cambria  Steel  Company,  it  is  58  feet  below  the 
Upper  Freeport  and  45  feet  above  the  Upper  Kittanning,  which  is 
here  worked.  In  section  6,  page  47,  the  8-inch  coal  35  feet  below  the 
Upper  Freeport  coal  may  not  be  the  representative  of  the  Lower 
Freeport;  certainly  its  distance  below  the  Upper  Freeport  is  very 
much  less  than  that  usual  in  the  district  as  a  whole. 

Extent  and  development, — ^The  Lower  Freeport  coal  is  above  drain- 
age level,  as  is  the  Upper  Freeport  bed,  in  all  the  hills  near  Johnstown, 
outcropping  along  Conemaugh  River,  Stony  Creek,  and  their  tribu- 
taries. Its  outcrop  line,  if  drawn  on  the  map  (PL  I),  would  fall 
between  that  of  the  Upper  Freeport  and  Upper  Kittanning  coals. 

The  coal  has  been  prospected  at  many  points  about  the  city  and 
its  suburbs,  but  it  is  not  mined,  at  least  on  a  commercial  scale,  at  the 
present  time.  The  most  promising  outcrops  were  observed  along 
Stony  Creek  from  the  vicinity  of  the  mines  of  the  Valley  Coal  and 
Stone  Company  northward  to  Roxbury.  On  Peggys  Run,  near 
Franklin,  it  was  prospected  and  proved  to  be  4  feet  thick  but  so 
badly  broken  by  partings  that  it  is  not  commercially  valuable.  It  is 
reported  18  inches  thick  with  a  shale  band  in  the  middle  in  the  hills 
north  of  Coopersdale.  It  is  believed  to  be  one  of  the  important 
coals  of  the  future  in  this  district,  especially  along  Stony  Creek. 

Chemical  character. — In  the  sample  of  coal  collected  south  of  Johns- 
town, the  analysis  of  which  is  given  on  page  40  (No.  4),  the  clay  part- 
ings were  not  included,  as  these  will  be  discarded  when  the  coal  is 
worked  on  a  commercial  scale. 

In  the  analysis  the  percentage  of  carbon  is  high  and  comparable 
with  this  constituent  in  other  coals  in  this  district.  The  moisture 
can  not  be  considered  representative,  as  the  sample  was  procured 
near  the  outcrop.  The  ash  runs  rather  high  but  not  above  the 
average  of  the  coals  of  the  area.  The  coal  from  this  bed  is  not  con- 
sidered good  in  the  region  about  Johnstown,  but  the  analysis  of  the 
sample  collected  near  Stony  Creek  (see  p.  40)  indicates  that  in  this 
locality,  where  the  coal  is  persistent  and  of  workable  thickness,  it 
has  commercial  importance. 
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Occurrence  and  physical  character. — ^The  Lower  Freeport  coal 
occurs  as  a  rule  in  three  distinct  benches  (see  fig.  5)  in  the  territory 
about  Johnstown  and  from  Femdale  southward  on  Stony  Creek. 
These  benches  are  separated  by  thin  shale  or  bone  partings.  The 
top  bench  averages  about  a  foot  in  thickness  and  the  middle  bench 
about  2  feet.  In  the  commercial  development  of  this  coal  bed  only 
these  two  benches  vdll  be  worked,  the  underlying  coal  and  bone 
serving  as  a  floor.  It  may  be  said,  therefore,  that  in  this  locality 
there  is  present  from  2}  to  3  feet  of  coal.  Southeast  of  Johnstown, 
at  Dale  and  on  Sams  and  Solomons  runs,  where  this  coal  was  meas- 
ured by  F.  B.  Peck  and  Lawrence  Martin,  a  thin  bench,  usually  imder 
6  inches,  occurs  at  the  top  of  the  bed,  and  the  two  main  benches 
are  below,  separated  by  bone  or  shale.  In  this  part  of  the  district 
these  two  workable  benches  do  not  average  as  much  coal  as  in  the 
workable  parts  of  the  bed  on  Stony  Creek. 


m^ 


Figure  5.— Seotionii  of  the  iMwer  Freeport  (D  or  Limestone)  ooal  in  the  Johnstown  district. 

Scale,  1  inch  »  5  feet. 

1.  Natural  expoeure  south  of  Kemviile,  near  Citizens  £i|^th  Ward  mine. 

2.  Exposure  on  Baltimore  and  Ohio  Railroad,  west  bank  of  Stony  Creek,  opposite  Lorraine  Steel  Conh 
pany's  plant 

3.  Stony  Creek  near  trolley  bridge. 

4.  Stony  Creek  near  Valley  Coal  and  Stone  Company's  mine. 

5.  West  bank  of  Stony  Creek,  Johnstown. 

6.  Sams  Run. 

7.  Dale. 

8, 9.  Head  of  Solomons  Run. 

Immediately  over  the  coal  are  usually  a  few  inches  of  bone  and 
black  shale  overlain  by  dense  shale,  sandy  shale,  or  massive  sand- 
stone. Plate  IV,  A  (p.  24),  gives  an  idea  of  the  character  of  this  roof. 
The  coal  is  underlain  by  clay,  below  which  occurs  the  limestone, 
though  in  places  the  limestone  underUes  the  coal  directly. 


UPPER   KITTANNINO  COAL. 


Name  and  position, — The  next  lower  coal  of  importance  in  this  dis- 
trict is  the  Upper  Kittanning  coal.  It  is  also  referred  to  as  the  C 
coal,  but  more  commonly  is  known  as  the  Cement  seam,  from  the 
bed  of  cement  rock  which  closely  underlies  it.  In  the  early  reports 
of  the  Second  Geological  Survey  of  Pennsylvania  it  was  called  the 
Lower  Freeport  or  D  coal  and  the  coal  next  above  it  was  referred 
to  as  the  Middle  Freeport  or  D'  bed.* 

•  Second  Oeol.  Survey  Pennsylvania.  Rept.  H2, 1877,  p.  xxviii. 
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The  Upper  Kattanning  coal  commonly  occurs  within  100  feet  of 
the  Upper  Freeport  (Coke  Yard)  bed.  At  Kemville  the  interval  be- 
tween the  two  is  about  90  feet;  on  Stony  Creek  near  the  Valley  Coal 
and  Stone  Company's  mine  it  is  90' feet;  on  Mill  Creek,  between  90 
and  95  feet;  south  of  Kemville,  on  the  trolley  line,  84  feet.  On  the 
Frankstown  road  an  interval  of  about  100  feet  was  measured,  though 
it  was  reported  that  the  two  coals  locally  occur  as  near  to  each  other 
as  80  feet.  Along  the  main  line  of  the  Pennsylvania  Railroad  just 
east  of  Conemaugh  depot  the  interval  is  90  feet,  and  near  the 
Franklin  mines  it  was  reported  as  103  feet.  It  can  be  stated,  there- 
fore, that  about  95  feet  below  the  Upper  Freeport  (Coke  Yard)  coal 
the  prospector  may  expect  to  find  the  representative  of  the  Upper 
Kittanning  (Cement)  coal  in  the  Johnstown  district.  Sections  1, 
3,  4,  and  6,  on  pages  44  to  47,  and  the  compiled  sections  obtained 
near  Coopersdale  and  on  Clapboard  and  Peggys  runs  (fig.  2)  clearly 
indicate  its  relation  to  all  the  coals  in  this  district. 

Extent  and  development. — ^The  Upper  Kittanning  (Cement)  seam 
outcrops  at  a  height  above  drainage  level  that  is  convenient  for 
exploitation  at  practically  all  points  about  Johnstown.  West  of  the 
city  and  north  of  Conemaugh  River  the  coal  is  worked  on  the  estate 
of  I^wis  J.  Prosser,  at  the  north  end  of  Ten  Acre  Bridge.  Here  the 
coal  is  just  below  the  flood-plain  level  at  the  base  of  the  hill  and  has 
to  be  reached  by  slopes.  A  short  distance  to  the  west,  just  back  of 
Cloopersdale,  a  slight  rise  in  the  beds  brings  this  coal  above  the  flood 
plain,  and  a  few  abandoned  banks  indicate  that  it  was  formerly 
worked  on  a  small  scale  here.  The  steep  rise  in  the  formations  toward 
the  west  does  not  allow  it  to  appear  in  the  hills  west  of  Laurel 
Run.  To  the  east  of  the  synclinal  axis  along  Hinckston  Run  the 
coal  is  above  drainage  level  and  was  worked  just  above  the  present 
location  of  Johnstown  depot.  Though  not  now  exposed  at  that 
exact  point,  the  fairly  massive  sandstone  which  usually  overlies  it 
is  well  exposed  near  the  position  of  the  old  Ray  furnace.  A  very 
short  distance  to  the  east  the  coal  appears  in  the  cliffs  bordering  the 
railroad,  and  it  may  be  traced  beyond  Conemaugh  depot.  At  pres- 
ent there  are  no  workings  of  note  on  it  east  of  Johnstown  depot  and 
north  of  the  Little  Conemaugh,  though,  as  will  be  seen  from  section 
6,  page  47,  it  is  3  feet  thick  and  hence  workable  in  this  general 
locality. 

South  of  Conemaugh  River,  well  up  toward  the  head  of  Clapboard 
Run,  the  coal  is  worked  in  a  small  way  at  the  present  time.  It  is 
2  feet  10  inches  thick  at  the  mine  of  Harry  Wissinger,  and  this  indi- 
cates that  its  thickness  south  of  the  river  is  much  the  same  as  that  to 
the  north,  near  Conemaugh  depot.  A  few  old  openings  on  the  bed 
were  also  noticed  near  the  mouth  of  Clapboard  Run.  On  Peggys 
Run  is  located  Franklin  No.  1  mine  of  the  Cambria  Steel  Company. 
In  the  eastern  part  of  Johnstown,  on  the  Frankstown  road,  the  coal 
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workings  of  at  least  one  of  which  extend 
iut  on  the  Dale  road  leading  to  Wslout 
has  been  opened  by  numerous  private 
,  anil  the  workings  extend  eastward  to 
p  to  the  head  of  Solomons  Run.    The 
banks  are  shown  on  Plate  I,  and  the  char- 
e  outlined  subsequently.     (See  pp.  54-56.) 
and  Moxliom  and  on  Sams  Run  east  of 
thick  (see  sections  11,  12,  and  13,  below) 
ighland  Coal  an<l  Coke  Company  and  the 
y.     Farther  south,  on  Stony  Creek,  toward 
kens  from  3  or  4  feet  to  aa  much  as  6  feet  in 
le  of  the  Valley  Coal  and  Stone  Company, 
mines  only  about  5  feet.     (See  PI.  VII,  A.) 
nore  and  Ohio  Railroad  north  of  Kring  5  feet 
pasured.     (See  section  2,  p.  45.)     This  thick 
.itl.    Tlie  westward  dips  toward  the  Johns- 
bed  below  dminag*^  level  less  than  a  mile 
imore  and    Ohio  Railroad    tunnel   south   of  -^  -  '       t- 

and  2  miles  southwest  of  Kring,  on  a  creek 
he  Upper  Kittanning  (Cement)  coal  has  been 
•5niokeles.s  Coal  Company.     Here  also  more 

iw  mea.sured.    Where  observed  along  Bens  

ity  tlie  bed  Ls  also  of  workable  tliickncss.     It  ' 

IP  confluence  of  tlie  north  and  .south  forks  of 

I  i)f  Eliziitx'th  Cubic,  on  Dallon  Run,  and  at  '^'■-^"*'*-v 

tlton  Run.     In  this  locality  the  small  scam  .  ,_^-,^.ru 

banning  wii.s  observed.     In  the  region  north  ^  —  '.■z'rr,_^^^tit,_ 

is  4  feet  or  nmi-e  in  thiclincss.     Immediately  \  '"ji«V,i*^'="^' '' 

openitiiins  of  the  Cumbria  Steel  Company  "■  <  la  "■"'tftuS**' 

.vnrd  in  Vjiper  Voder  Township  beyond  Mill  ,'  ff4l^^i'l^'^.v^^ 

I  shown  no  tendency  to  become  too  thin  to 

II  mine,  in  which  these  extensive  operations 
Lrgcst  mine  in  the  utva  and  indeed  one  of  the 

'iimlina  the  U|>per  Kittiuinin;;  (Cement)  bed 
tiid  lia.s  Im'('ii  opened  in  many  phices.  At  the 
W.  Kujre  the  coal  is  about  :(  feet  in  tliickness. 
rcllvillc  (In-  cojil  has  Ix'cn  mined  and  may  1k' 
ililc  tliickni's-i.  It  may  be  staled,  therefore, 
n  the  I'pix'i'  Kiltaiininfr  rual  is  workable. 
Vnalyses  5  to  II),  page  40,  indicate  the  com- 

hifjh-carbon  coal  with  con-e^pondingly  low 
loistuie  is  low,  but  ash  and  sulphur  are  high. 


■js->s; 
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FraoKi  e.— SectlDos  of  ih«  Upper  Kltunalng  (C  or  Cement )  ™<>1  li  the  Jabiutaii-n  dOIiict. 

1.  Cambrte  SMI  Compaay.  Rolling  Mill  mine. 

2.  L.  ProaKT,  north  end  Ten  Acre  Bridge, 

3.  E.  W.  ragt.  Cunbria. 
1.  Samael  Puge,  CambriB. 

S, «.  In  cut  on  Baltimore  and  Ohio  Railroad,  vest  side  of  Sum;  Creek,  apposite  Uoxhom. 

7.  Id  cut  on  Baltimore  and  Ohio  Kallnad  north  of  Krlog. 

K.  Natural  expomire,  near  Valley  Coal  and  Stone  Company'ii  mine. 

>.  Valley  Coal  and  Slone  Company. 

D,  Kein  SmokeLn  Coal  Company. 

1.  tllgtdBiHl  Coaland  Coke  Company,  Samn  Run,  eaut  of  UoKhnm. 

2,  II.  Snniiyilde  Coal  Company,  between  Dale  and  MoKhom. 

A,  Oeotfe  Heldlnislelder,  bead  ol  Solomona  Run. 
i.  D.  D.Stoll,  beadoIBolomoDBltun. 

7.  Werti  A  Hlller,  Walnut  Omve. 

B.  nilllam  Rohde,  Solamoog  Rud,  eait  of  Dale. 

t.  Edvard  Lltilnger,  Solomons  Run.  east  of  Dale. 

a.  SuppeaCoal  Company,  Chaa.  H.  Suppes,  Jr.,  Dale  apenln|[. 

1,  22.  CltlMDa'  Cos]  Company,  Dale  mloc. 

i.  Caddy  mine, 

(,  Fyoek'intloe, 

i.  Jaooby  mine  (second  opening),  Dale. 

B.  Suppca  Coal  Company,  Chas.  H.  Suppes,  jr.,  Fiankntown  road  opening  to  Dale  mine.    (See  Ho, ; 

7,  NatntaleJipoaure,  east  oFJohiutonn. 

S.  John  F.  Orifflth,  FranluUjirn  road,  Johnstown. 

t.  Head  orCkapbowd  Run. 

9.  Cambria  Steel  Company,  Franklin  No,  I . 

1.  Dallon  Run,  at  the  reservoir. 

1.  Dalton  Run.  EUiabeth  Cable. 

S.  WllUam  UcAuUO,  Bens  Creek,  near  conOuenre  of  North  and  South  Forks. 
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Occurrence  and  physical  chamcter. — ^West  of  Johnstown,  at  the 
Cambria  openings  south  of  Conemaugh  River,  and  north  of  Cone- 
maugh  River,  the  Upper  Kittanning  coal  averages  very  nearly  3  feet 
in  thickness;  at  one  opening,  however,  it  was  only  2  feet  7  inches  as 
measured.  To  the  south  along  Stony  Creek  the  bed  gradually  grov/s 
thicker,  as  indicated  in  sections  5,  6,  7,  8,  9,  and  10  (fig.  6).  As 
much  as  6  feet  of  coal  was  reported  in  plaees  and  several  measure- 
jnents  of  5  feet  were  made.  (See  fig.  6.)  The  bony  character  of  the 
upper  8  inches  is  indicated  in  section  6,  and  as  a  rule  the  upper  8  to 
12  inches  has  to  be  discarded.  On  Sams  Run,  east  of  Moxhom,  and 
between  Dale  and  Moxhom,  according  to  observations  made  by 
F.  B.  Peck,  the  coal  is  between  3^  and  4  feet  thick,  generally  with  a 
few  inches  of  bone  (discarded  in  mining)  at  the  top  and  a  small 
bony  streak  about  midway  between  the  roof  and  floor.  At  Dale  and 
on  Solomons  Run  the  bed  is  usually  made  up  of  good  soUd  coal,  vary- 
ing in  thickness  from  nearly  3  feet  to  more  than  4  feet,  here  and  there 
with  a  bony  streak  near  the  middle  and  in  many  places  with  a  few 
inches  of  bone  at  the  top.  On  Peggys  Run  and  in  the  exposures 
along  the  Pennsylvania  Railroad  the  coal  is  not  3  feet  thick  and  in 
places  is  less  than  2^  feet  thick.  In  Upper  Yoder  Township  the  coal 
ranges  from  3  to  4  feet  in  thickness,  often  with  one  or  two  smaller 
coals  above. 

As  a  rule  the  coal  of  this  bed  is  a  good  clean  product,  generally 
uniform  throughout.  In  a  few  of  the  mines  the  upper  foot  of  coal 
is  reported  soft  and  the  lower  foot  harder  than  the  average.  The 
roof  of  the  coal  is  either  very  dense  shale  or  else  sandy  shale  or  sand- 
stone and  gives  no  trouble  whatsoever.  The  floor  is  usually  a  few 
inches  of  firm  shale  or  clay  closely  underlain  by  the  Johnstown 
'^ cement"  bed.  This  cement  bed  locally  underUes  the  coal  directly. 
(See  PI.  VII,  A.)  The  coal  bed  is  uniform  in  thickness  and  few 
rolls  are  reported.  Clay  veins  are,  however,  numerous  and  in  places 
are  very  annoying.  Considerable  trouble  is  often  caused  by  gas, 
which  necessitates  the  use  of  safety  lamps. 

MIDDLE    KITTANNINO   COAL. 

In  considering  the  stratigraphy  of  the  different  members  of  the 
Allegheny  formation  the  presence  of  two  small  coals  between  the 
Upper  and  Lower  Kittanning  beds  was  pointed  out  (p.  26),  The 
lower  of  these  coals  is  regarded  as  the  equivalent  of  the  Middle 
Kittanning  (C)  coal  in  the  Johnstown  district.  South  of  the  tunnel 
on  the  Baltimore  and  Ohio  Railroad  going  to  Kring  the  distance 
from  the  base  of  the  Upper  Kittanning  (Cement)  bed  to  this  coal  is 
32  feet  (section  2,  p.  45);  the  coal  here  is  only  7i  inches  thick; 
South  of  Kemville,  near  the  Eighth  Ward  mine  of  the  Citizens 
Coal  Company,  this  coal  is  11  inches  thick  and  is  about  43  feet 
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below  the  base  of  the  Upper  Kittanning  bed  (section  4,  p.  46). 
Along  the  Pennsylvaiiia  Railroad  near  Conemaugh  depot  the  inter- 
val between  the  Cement  bed  and  the  Middle  Kittanning  coal  is  about 
the  same — ^namely,  45  to  50  feet — but  the  coal  here  is  only  10^  inches 
thick  (section  7,  p.  47).  At  these  different  places  the  Middle  Kit- 
tanning coal  is  not  of  workable  thickness,  and  as  a  rule  it  can  not  be 
considered  workable  in  this  district.  It  is  fairly  persistent,  how- 
ever, and  hence  serves  as  an  additional  check  on  the  identity  of  the 
beds  both  above  and  below  it.  It  has  been  opened  at  Coopersdale, 
at  the  brick  plant  of  A.  J.  Haws  &  Sons  (Ijimited),  where  it  is  about 
25  feet  above  the  Lower  Kittanning  coal  and  shows  a  thickness  of 
30  inches,  with  more  concealed.  It  is  also  said  to  be  of  workable 
thickness  at  the  head  of  Solomons  Run.  From  what  is  known  about 
it  at  present  it  can  not  be  classed  among  the  commercial  coals  of  the 
district. 

LOWER   KITTANNING   COAL. 

Name  and  position. — The  next  lower  important  coal  in  the  Alle- 
gheny formation  is  the  Lower  Kittanning  coal.  It  is  also  known  as 
the  ^filler  or  B  bed  in  and  near  Jolinstown.  Its  position  below  the 
Upper  Kittanning  (Cement)  bed  can  be  obtained  by  direct  measure- 
ment at  only  a  very  few  points  in  the  Johnstown  district,  as  most  of 
the  operations  on  it  are  conducted  either  by  slope  or  incline.  At 
the  foot  of  the  hill  ascending  from  Kemville  to  Grandview  Cemetery, 
Johnstown,  the  interval  was  reported  to  be  98  feet,  and  where  hand 
leveled  on  Stony  Creek  south  of  the  quadrangle  it  was  just  100  feet. 
Near  the  Ingleside  Coal  Company's  mine  it  was  reported  to  be  86 
feet.  Near  the  Franklin  mines  of  the  Cambria  Coal  Company  the 
interval  between  the  Upper  and  Lower  Kittanning  beds  was  ascer- 
tained by  means  of  a  bore  hole  to  be  90  feet.  It  may  therefore  be 
safely  assumed  that  the  Lower  Kittanning  will  be  found  85  to  100 
feet  below  the  Upper  Kittanning  (Cement)  bed. 

Extent  and  development. — Immediately  about  Johnstown  the  Lower 
Kittanning  coal  is  near  to  or  below  drainage  level  and  the  mines  work- 
ing the  coal  are  either  slopes  or  shafts.  North  of  Conemaugh  River 
and  just  at  the  western  edge  of  Coopersdale  the  rise  of  the  measures 
approaching  Laurel  Ridge  brings  the  coal  above  drainage,  and  it  is 
worked  by  A.  J.  Haws  &  Sons  (Limited)  at  their  brick  plant.  The 
under  clay  is  also  mined  in  connection  with  the  coal.  To  the  north 
on  Laurel  Run  the  coal  has  been  opened  in  a  small  way  by  John 
Adams.  East  of  the  Haws  mine  the  coal  disappears  below  drainage 
level  and  does  not  reappear  until  it  reaches  a  point  just  east  of 
Conemaugh  depot,  where  it  is  worked  by  the  Keystone  Coal  and 
Coke  Company.  From  this  point  as  far  to  the  east  as  South  Fork 
it  is  above  drainage  level  throughout  nearly  the  entire  course  of 
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Conemaugh  River,  varying  of  course  in  elevation  above  the  river, 
owing  to  the  Ebensburg  anticline  and  the  circuitous  course  of  the 
stream. 

South  of  Conemaugh  River  what  is  possibly  the  Lower  Kittanning 
coal  is  worked  at  present  by  J.  L.  Custer  well  up  on  Clapboard  Run. 
It  has  been  worked  near  the  mouth  of  the  run  by  the  Argyle  Coal 
Company,  but  considerable  difficulty  was  experienced  owing  to  the 
irregularities  in  the  bed,  which  ultimately  led  to  the  abandonment  of 
operations.  A  short  distance  away,  on  Peggys  Run,  the  Cambria 
Steel  Company  has  opened  its  Franklin  No.  2  mine.  In  this  mine 
(No.  48,  PI.  I)  much  difficulty  has  been  experienced  and  much  ex- 
pensive dead  work  required  owing  to  the  irregularities  in  tht  coal. 
(See  pp.  59,  60.)  In  the  city  of  Johnstown  the  Citizens'  Coal  Com- 
pany has  a  slope  to  this  coal  bed  near  the  Adams  Street  Schoolhouse, 
and  in  Kemville  the  coal  is  worked  by  W.  J.  Williams.  The  coal 
is  above  drainage  level  for  a  short  distance  on  Solomons  Run,  coming 
up  just  at  the  mouth  of  Falls  Run.  To  the  south  along  Stony  Creek 
the  coal  appears  above  drainage  level  near  Kring,  and  it  is  worked 
farther  south  on  the  east  side  of  the  creek  by  the  Ingleside  Coal 
Company.  In  the  suburbs  west  of  Johnstown — that  is,  at  Morrell- 
ville  and  on  St.  Clair  Run — the  coal  is  worked  by  W.  J.  Williams 
and  by  Robertson  &  Griffith.  Thus  the  total  number  of  mines  on 
this  bed  in  this  region  is  about  ten. 

Chemical  chardder, — Analyses  of  this  coal  (Nos.  11  to  14,  pp.  40-41) 
give  an  idea  of  its  composition  in  the  Johnstown  Basin. 

Like  the  coals  already  considered,  the  Lower  Kittanning  (Miller) 
coal  in  the  Johnstown  district  is  a  high-carbon  coal  low  in  volatile 
matter  and  moisture.  The  ash  and  sulphur  show  considerable  varia- 
tion, but  this  may  be  accounted  for  partly  by  the  fact  that  the  sam- 
ples were  collected  at  scattered  localities.  The  ash  and  sulphur  seem 
to  be  much  in  excess  of  these  constituents  in  coals  from  the  South 
Fork  district.  As  a  steam  coal  the  Lower  Kittanning  ranks  very 
high;  the  engines  on  the  Pennsylvania  Railroad  are  supplied  in  part 
with  it  from  one  of  the  mines  along  the  line.  The  coal  is  also  coked 
at  Franklin  by  the  Cambria  Steel  Company  in  by-product  ovens  for 
use  in  the  company's  steel  plant  near  Jolmstown.  It  gives  satis- 
factory results  but  has  to  be  washed  before  coking,  thereby  adding 
to  the  cost  of  the  product.  Even  with  this  additional  item  of  cost 
it  is  found  cheaper  to  coke  this  coal  on  the  ground  than  to  buy 
coke  of  better  quality  from  the  Connellsville  region. 

Occurrence  aiid  physical  character, — The  thickness  of  the  I^wer 
Kittanning  (Miller)  coal  in  the  Johnstown  district  is  shown  in  figure  7 ; 
it  ranges  from  3i  to  4  feet,  the  latter  figure  probably  being  a  maxi- 
mum for  the  Johnstown  Basin.     Except  along  Clapboard  and  Peggys 
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runs  and  near  Franklin,  the  coal  ison  the  whole  regular;  its  floor  rolls 
and  here  and  there  the  coal  is  cut  down  to  2  feet,  but  rarely  to  lesa 
than  this.  Clay  veins  are  generally  absent  and  where  present  are 
small.  In  and  about  Johnstown,  less  than  a  foot  below  the  base  of 
the  main  bench  and  separated  from  it  by  shale,  there  is  commonly  a 
small  coal,  which  varies  from  7  to  24  inches,  the  latter  measurement 
being  mode  at  the  mine  of  the  Somerset  and  Cambria  Coal  Company's 
opening  on  Stony  Creek,  near  Foustwell.  Below  the  lower  coal  (or  in 
its  absence  below  the  main  bench)  occurs  a  l^ht  to  dark  drab  plastic 
clay,  ranging  from  3  to  6  feet  in  thickness.  It  was  observed  that 
where  the  clay  was  at  a  maximum  the  coal  appeared  in  a  single 
bench,'  with  the  lower  part  bony;  but  it  can  not  be  stated  that  this 
condition  is  the  usual  one.  The  clay  is  of  great  importance  near 
Johnstown.     (See  pp.  117-118.)    The  cool  itself  is  in  general  entirely 
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FiauRi  7.— Sectloos  ot  tha  Lower  KllUnniiig  (UlLlor  or  B)  ooal  Id  tt 
Scale.llnch-Sleet. 
1.  John  Adomi,  Laurel  Run. 
3.  A.  1.  Hkws  A  Sons,  CooptodAle  nUne. 
3.  A.  J.  HawB  &  Sods,  shaft  at  brick  planl. 
t.  W.  J.  WiUlama,  KcmvUls. 
i.  Cfduos'  Coal  Comijaiir,  Oihd  HUI  mine. 
0.  Cambria  SLeel  Company,  Fraaklln  No.  2. 

7.  Cambria  Stnl  Company,  Franklin  No.  2,  ODtlel  on  Clapboard  Run. 
a  Kefsti»M  Cdal  tad  Coke  Company,  Coaemaugb  slope. 
S.  Ingtfslde  Coal  Company. 
10.  RobertsoD  &  OrUEth,  Bt.  Clalr  Run. 

free  from  partings  and  is  uniform  from  roof  to  floor.  The  roof  is 
massive  sandstone,  tough  shale,  or  sandy  shale,  requiring  little  or  no 
timbering,  and  there  is  no  draw  slate  reported. 

At  Franklin  and  on  Clapboard  Run,  on  the  other  hand,  the  Lower 
Kittanning  coal  is  erratic,  and  much  difficulty  has  been  experienced 
in  mining  on  account  of  the  irregular  character  of  the  floor.  These 
irregularities  are  termed  faults  by  the  miners,  but  they  are  not  faults 
in  the  geologic  sense.  The  coal  in  this  locality  may  be  6  feet  thick 
in  one  place  and  only  15  inches  thick  a  few  feet  away,  and  over 
small  areas  it  is  completely  absent.    It  is  believed  that  this  singular 
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occurrence  is  due  to  peculiar  conditions  of  sedimentation  during  or 
subsequent  to  its  original  deposition  in  this  locality,  and  not  to 
subsequent  movement,  and  that  the  trouble  will  be  found  to  be 
only  local  and  will  disappear  to  the  south.  In  confirmation  of  this 
belief  may  be  cited  two  drill  holes,  one  on  the  Frankstown  road  and 
the  other  near  the  head  of  Peggys  Run,  in  which  the  Lower  Kittan- 
ning  coal  is  normally  developed.  So  far  as  known,  the  coals  above 
the  I»wer  Kittanning  (MiUer)  are  normal  in  their  occurrence;  if 
the  cause  for  the  erratic  conditions  in  the  Lower  Ejttanning  were 
regional,  the  Upper  Kittanning  (Cement)  coal,  which  is  woi^ed  at 
higher  levels  in  the  same  hills,  would  probably  be  irregular  likewise. 
The  slight  folds  or  rolls  in  the  structure  observed  along  the  Penn- 
sylvania Railroad  near  East  Conemaugh  are  considered  to  have  had 
nothing  to  do  with  the  peculiar  conditions  just  described.  These 
irregularities  have  led  to  much  expensive  dead  work  near  Franklin 
and  have  caused  the  abandonment  of  large  operations  on  Clapboard 
Run. 

LOWER  ALLEOHBNT  COALS. 

Coals  lower  than  the  I^wer  Kittanning  and  yet  in  the  Allegheny 
formation  are  exposed  in  this  district.  At  Coopersdale  the  top  of 
the  Pottsville  formation  appears  at  road  level  just  west  of  the  brick 
plant  of  A.  J.  Haws  &  Sons  (Limited).  Just  above,  two  small  coal 
beds,  each  measuring  less  than  2 J  feet,  are  exposed,  separated  by 
about  1 0  feet  of  dark  shale.  The  section  is  given  on  page  23.  These 
coals  probably  correspond  to  the  Brookville  (A)  and  Clarion  (A') 
of  the  Allegheny  Valley.  One  of  these,  probably  the  lower  (Brook- 
ville), is  exposed  on  Clapboard  Run.  The  Lower  Kittanning  seam 
has  been  opened  along  this  run,  and  about  70  feet  below  it  a  coal  has 
been  worked  which  is  considered  the  Brookville  or  a  coal  very  close 
to  it.     Two  sections  of  this  coal  are  as  follows: 

Sections  of  Brookville.  coal  on  Clapboard  Run, 


Ft.  In. 

Bony  coal 1     8 

Bone 1 

Coal 1    8 


Ft.  in. 

Bone  or  shale 9 

Coal 3 

Bone i 

Coal 6 

Bone  or  shale 1 

C^l 1     7 


These  sections  are  very  similar,  showing  an  upper  bench  from  IS  J 
to  20  inches  in  thickness,  mostly  of  bone  and  of  no  value,  and  a  lower 
bench  19  or  20  inches  thick.     The  coal  has  no  value  along  this  run. 

South  of  the  quadrangle,  between  the  mouth  of  Paint  Creek  and 
Foustwell,  the  lower  part  of  the  Allegheny,  together  with  the  whole 
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of  the  Pottsville  and  a  large  part  of  the  Mauch  Chunk  formation,  is 
brought  above  drainage  level  on  the  flanks  of  the  Ebensburg  or  Via- 
duct anticUne.  The  section  on  page  27  shows  a 
coal  10  to  15  feet  above  the  massive  sandstone  at 
the  top  of  the  Pottsville  and  separated  from  it 
by  shale  and  sandstone.  It  is  quite  possible  that 
this  may  be  the  Clarion  coal.  At  least  it  is  one 
of  the  Brookville-Clarion  coal  group.     (See  fig.  8.) 

POTTSVILLE  GOALS. 

The  Pottsville  formation  Ues  below  the  Allegheny      ciarion  (  ao  ooa°aiong 
formation  and,  as  indicated  on  page  28,  consists  of      Baltimore  and  owo 

,1  ,    .  .  .,,  Railroad  near  southern 

an  upper  and  a  lower  sandstone  member  with  an  edge  of  Johnstown 
intervening  shale  member.  This  shale  in  many  quadrangle,  scaie,  i 
places  carries  a  coal  known  as  the  Mercer.  The 
coal  appearing  between  the  tipple  of  the  Ingleside  Coal  Company  and 
Bjing,  on  Stony  Creek  south  of  Johnstown,  is  considered  to  belong  in 
the  Mercer  coal  group.     The  section  is  as  follows  (see  also  fig.  2) : 

Section  of  Mercer  coal  south  of  Kring. 

Ft.      In. 

Black  shale 5        6 

Coal 9 

Pyritiferous  dark  sandstone .' 1-2 

Coal 6 

Shale 2 

Coal 9 

Coal  and  bone 11 

Black  shale 3-4 

Coal : 4 

Bone 4i 

Clay 1 

The  coal  is  so  badly  broken  that  it  can  not  be  considered  among  the 
workable  beds  of  the  district. 

Near  Sheridan  the  Mercer  coal  is  about  a  foot  thick.     (See  p.  119.) 

SOUTH   FORK-MINERAL   POINT  DISTRICT. 


In  the  South  Fork-Mineral  Point  district  will  be  included  all  the 
coal  occurrences  between,  in,  and  near  the  two  towns  named.  The 
mining  operations  extend  from  Ehrenfeld  on  the  east  to  the  point 
where  Conemaugh  River  makes  a  sharp  bend  to  the  south,  about  2 
miles  west  of  Mineral  Point.  Operations  are  conducted  on  both 
sides  of  the  river.  The  openings  are  confined  to  the  immediate 
river  valley,  but  the  workings  in  many  of  the  larger  mines  are  very 
extensive  and  have  been  pushed  back  into  the  hills  a  long  distance 
from  the  river. 
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OSOLOOIC  POSXTIOV  OF  GOALS. 

The  three  formations  which  are  of  economic  interest  in  the  district 
are  the  Conemaugh,  Allegheny,  and  Pottsville.  The  dips  near  South 
Fork  are  steep  and  the  rock  exposures  are  too  imperfect  to  permit 
complete  and  detailed  sections.  North  and  south  of  Conemaugh 
River,  however,  diamond-drill  holes  have  been  put  down  and  the  rec- 
ords have  apparently  been  carefully  kept.  Opportunity  was  afforded 
also  for  &  measurement  of  the  rocks  in  the  shaft  of  the  Pennsylvania, 
Beech  Creek,  and  Eastern  Coal  Company  near  New  Germany.  A 
very  clear  idea,  therefore,  of  the  rocks  as  far  down  in  the  section  as 
the  Lower  Kittanning  (Miller)  coal  has  been  obtained. 

On  South  Fork  of  Conemaugh  River,  near  the  northernmost  cottage 
of  the  group  near  the  old  dam  site,  the  interval  between  the  Upper 
Freeport  and  Lower  Kittanning  coals  is  206  feet.  In  the  shaft  at  New 
Germany  the  interval  between  the  two  coals  is  145  feet,  a  decrease  to 
the  north  of  61  feet.  It  is  known  that  this  decrease  in  the  interval 
takes  place  within  a  distance  of  4§  miles,  and  it  is  possible  that  it  may 
occur  within  a  shorter  distance. 

COHSMAUOH  COALS. 

COAL   NEAR   BUMMERHILL. 

Northwest  of  Summerhill,  at  an  elevation  of  1,800  feet,  a  coal  has 
been  opened  by  the  side  of  the  public  road.  It  is  reported  to  be 
exactly  300  feet  above  the  Upper  Freeport  (Lemon  or  E)  coal.  The 
openings  have  entirely  fallen  in  and  no  opportunity  was  afforded  to 
measure  the  thickness  or  ascertain  the  character  of  the  coal.  The 
information  was  received  that  about  40  acres  of  territory  had  been 
worked  out  and  that  the  coal  was  4  feet  thick.  A  measurement  of 
the  thickness  of  the  part  of  the  coal  exposed  along  the  roadside  fully 
corroborates  this  information. 

This  occurrence  is  probably  that  described  by  Piatt  under  the 
heading  ^'Brown's  mine,  near  Summerhill."  Piatt's  description  is 
as  follows :  ** 

Northeast  of  the  outcrop  [of  the  E  coal?]  the  hill  rises  steadily  for  250  feet,  and  near 
the  top  Mr.  Brown  opened  up  a  bed  of  coal  unlike,  both  in  character  and  in  podtioii 
geologically,  any  other  coal  thus  far  known  in  Cambria  County.  It  overlies  the  Upper 
Freeport  bed  (E)  certainly  by  as  much  as  200  feet;  but  the  intervening  measures  are 
concealed,  and  their  character  is  therefore  almost  wholly  unknown. 

The  bed  has  very  little  cover  and  is  irregular  and  uneven,  both  roof  and  floor  under- 
going frequent  changes,  sometimes  within  a  few  yards.  Moreover,  the  thickness  of  the 
bed  has  been  very  seriously  affected  by  "horsebacks*'  and  "clay  veins,"  the  coal 
varying  in  width  all  the  way  from  4  feet  to  as  many  inches. 

Two  drifts  were  started  in  on  the  bed  at  the  outcrop ;  one  gangway  is  driven  north- 
west and  the  other  northeast.  In  both  entries  there  is  a  sharp  rise,  that  to  the  north- 
east being  due  to  a  local  roll  in  the  rocks  of  tolerably  wide  sweep. 

a  Second  Oeol.  Survey  Pennaylvania,  Kept.  112, 1877,  pp.  38-40. 
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The  following  measurements  of  the  hed,  made  in  the  northeast  gangway,  will  serve 
to  give  a  clearer  expression  to  the  actual  condition  of  things: 

Section  made  near  mouth  of  mine. 

Ft.     in. 

Roof,  "black  slate" 1 

Coal,  compact  and  of  cuboidal  structure 1      6 

Goal,  friable  and  of  columnar  structure 4 

Coal,  cuboidal  structure 2    10 

Floor,  "slate,"  alternating  with  sandstone. 

Section  made  60  feet  beyond  last. 

Sandstone.                                                                                            Ft.  in. 

Slate 6 

Coal 2 

Shite 2 

Coal 1  3 

Between  these  two  measurements  a  "clay  vein"  intervenes,  cutting  out  the  coal 
almost  entirely  for  a  short  distance.  The  bed  then  resumes  its  full  height  as  given 
above,  but  diminishes  steadily  in  going  northeast,  until  at  the  end  of  the  entry  the 
coal  is  no  longer  of  workable  size,  as  follows: 

Roof,  sandstone.  Ft.    in. 

Coal 1      6 

Sandstone  floor. 

At  this  point  operations  were  brought  to  a  close. 

In  the  northwest  mine  the  coal  attains  its  greatest  thickness,  but  is  everywhere 
slaty  and  poor;  it  shows,  however,  throughout,  the  same  horizontal  crystallization 
already  noted  in  connection  with  the  other  mine.  The  northwest  entry  was  driven 
in  several  hundred  yards,  but  with  practically  the  same  results  as  attended  the  opera- 
tions elsewhere.  These  continued  troubles  naturally  led  to  -the  abandonment  of  the 
mines. 

The  bed  is  represented  only  in  the  tops  of  the  highest  hills  and  covers  a  very  limited 
area.  The  rise  in  the  rocks  carries  it  into  the  air  a  short  distance  west  of  Brown's 
openings,  and  east  of  the  synclinal  axis  it  is  not  known  to  occur. 

Considering  the  geological  horizon  of  the  bed,  together  with  the  slaty  character  of 
the  coal  from  it,  it  is  apparent  that  this  is  one  of  the  seams  of  the  Barren  Measures,  of 
which  there  are  several,  usually  thin  and  unimportant,  but  here,  and  confined  per- 
haps to  this  immediate  territory,  of  abnormal  thickness  and  width. 

The  bed  also  undeigoes  such  marked  changes  in  point  of  character  that  no  one 
specimen  would  fairly  represent  the  average  run  of  the  mine.  In  the  main,  however, 
the  coal  is  poor,  being  heavily  loaded  with  earthy  matter  and  other  impurities.  But 
along  the  center  of  the  bed  ranges  not  infrequently  a  narrow  belt  of  soft,  bright,  rich 
clean  coal,  the  limits  of  which  are  clearly  defined  both  above  and  below  by  benches 
of  smooth,  tough,  slaty  coal.    *    ♦    * 

Two  analyses  of  the  coal  were  therefore  made  of  specimens  selected  and  forwarded 
to  Harrisburg  by  the  owners  of  the  property,  the  MessrE.  Brown,  of  Summerhill. 
The  first  analysis  represents  the  small  bench  of  soft  friable  coal,  and  reads  as  follows 
(D.  McCreath): 

Water  at  225° 0.820 

Volatile  matter 19. 155 

Fixed  carbon 70. 175 

Sulphur 445 

Ash 9.405 

100.000 
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Coke,  per  cent,  80.025;  color  of  aah,  gray.  The  coal  is  bright,  tender,  and  beamed 
with  charcoal  and  pyrites. 

The  other  analysis  may  be  said  to  represent  the  condition  of  the  greater  portion  of 
the  bed.  The  large  percentage  of  ash,  nearly  one-fifth  of  the  whole,  gives  to  this  coal 
its  firmness  and  compactness  and  also  its  slightly  conchoidal  fracture  and  dull  luster, 
but  at  the  same  time  it  ruins  the  bed  totally  for  all  practical  purposes.  The  &nal3r8i0 
also  shows  that  this  cannel  slate  is  more  sulphurous  than  the  bench  of  soft  coal  in  the 
center  of  the  bed.    The  analysis  is  as  follows  (D.  McCreath): 

Water  at  225° 0. 550 

Volatile  matter 17. 325 

Fixed  carbon 61. 632 

Sulphur 1.033 

Ash 19.460 

100.  OOO 

Coke,  per  cent,  82.125;  color  of  ash,  gray.  The  coal  is  exceedingly  compact,  has  a 
dull,  resinous  luster  generally,  but  carries  seams  of  bright  crystalline  coal. 

GALUTZIN   COAL. 

South  of  South  Fork  a  coal  appears  in  the  sections  about  115  feet 
above  the  Upper  Freeport  (Lemon  or  E)  bed.  From  its  interval  this 
is  probably  the  representative  of  the  Oallitzin  bed.  It  is  not  work- 
able, as  it  is  rarely  more  than  a  foot  thick.  North  of  South  Fork 
this  coal  is  about  65  feet  above  the  Upper  Freeport  coal.  Another 
coal,  possibly  the  Mahoning,  appears  below  it  in  the  section;  this 
likewise  is  not  workable  near  South  Fork. 

ALLEOHXHT  COALS. 

Four  coals  have  been  worked  in  the  Allegheny  formation  in  the 
South  Fork-Mineral  Point  district.  They  are  (1)  the  Upper  Free- 
port  or  E  coal,  which  is  known  near  South  Fork  and  also  along  the 
eastern  margin  of  the  Wilmore  Basin  as  the  Lemon  coal;  (2)  the 
Upper  Kittanning  or  Cement  coal;  (3)  the  Lower  Kittanning,  Miller, 
or  White  Ash  coal;  and  (4)  the  Brookville,  usually  referred  to  as 
the  Dirty  A  coal.  The  first  three  are  of  greatest  importance  in  this 
district. 

UPPER   FREEPORT  COAL. 

Name  and  position. — As  stated  above,  the  Upper  Freeport  coal  is 
known  at  South  Fork  as  the  Lemon  coal.  It  is  also  sometimes  called 
the  E  bed,  having  been  so  termed  by  the  geologists  of  the  Second 
Geological  Survey  of  Pennsylvania.  It  is  also  often  referred  to  as 
the  Four-foot  coal.  The  position  of  this  coal  at  the  top  of  the 
Allegheny  and  its  relations  to  the  lower  Allegheny  coals  are  shown  in 
figure  2.  Its  position  with  reference  to  the  Mahoning  sandstone  in 
the  South  Fork  district  is  indicated  in  the  following  section  measured 
at  Ehrenfeld: 
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Section  of  Upper  Freepori  {Lemon)  coal  and  atsociated  beds  at  Ehrenfeld,  Pa. 

Ft.    In. 

Shale 15 

Shale,  olive  and  drab,  locally  sandy  (Upper  Mahoning?) 30 

Coal  (Mahoning,  upper  bench) 4-5 

Shale 8 

Shale,  black 2 

Shale,  blue  and  black 1 

Coal  (Mahoning,  lower  bench). . '. 2 

Shale 15 

Shale,  blue,  with  alternating  layers  of  fine-grained  sandstone. .  20 

Sandstone,  massive  (Mahoning) 20 

Coal,  1  foot  11}  inches' 

Bone,  2  inches Upper  Freeport  coal 3    9i 

Coal,  1  foot  8  inches. ., 

Clay,  with  limestone  nodules  in  lower  foot 2 

Limestone,  irregularly  bedded  (Upper  Freeport) l}-3 

Fire  clay  in  places 1± 

Shale 15+ 

Eztent  and  development, — ^The  Upper  Freeport  coal  appears  above 
drainage  level  just  east  of  Ehrenfeld,  and  has  been  opened  at  rail- 
road level  by  the  Pennsylvania,  Beech  Creek,  and  Eastern  Coal  Com- 
pany at  its  No.  8  opening.  Not  far  to  the  west,  but  higher  in  the 
hill  owing  to  the  rapid  rise  of  the  beds  westward,  is  located  mine 
No.  6  of  the  same  company.  This  mine  was  not  being  worked  in 
the  summer  of  1906,  at  the  time  of  visit.  West  of  Mineral  Point 
this  coal  is  present  in  the  hills  bordering  Conemaugh  River,  but  at 
varying  distances  from  it.  (See  PI.  I.)  It  has  been  opened  in  a 
small  way  in  one  or  two  places,  but  where  seen  the  openings  had 
fallen  in. 

South  of  Conemaugh  River  it  has  been  worked  in  and  near  South 
Fork  by  the  South  Fork  Mining  Company,  and  on  the  west  side  of 
South  Fork  of  the  Conemaugh  by  O.  M.  and  H.  C.  Stineman.  It  is 
also  present  in  the  hills  along  the  south  side  of  the  river,  but  it  has 
been  hardly  touched  there  up  to  the  present  time. 

Chemical  charnder. — Analysis  No.  3,  page  40,  shows  the  character 
of  this  coal  near  South  Fork.  It  compares  favorably  with  the  other 
coals  in  the  Johnstown  quadrangle,  and  the  analysis  shows  the  normal 
high  carbon  content,  with  low  volatile  combustible  matter.  Moisture 
and  ash  are  also  low,  but  sulphur  is  high.  The  product  from  this  coal 
bed  is  used  chiefly  for  steaming  purposes.  It  is  also  coked  in  beehive 
ovens  at  Cresson,  Gallitzin,  and  Bennington  with  satisfactory  results. 
Its  composition  along  certain  parts  of  the  Allegheny  Front — at  Gal- 
litzin, for  instance — is  different  from  that  of  the  coal  near  South  Fork, 
as  the  following  analyses  will  show.  The  percentage  of  fixed  carbon 
is  lower  and  that  of  volatile  matter  higher  in  the  Ebensburg  region 

09516'— Bull.  447—11 6 
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than  on  the  west  side  of  the  basm  at  South  Fork.  The  coal  collected 
at  Sonman,  Puritan,  and  Dunlo,  however,  is  very  much  the  same  in 
composition  as  that  near  South  Fork  and  Johnstown. 

Analyses  of  Upper  Freeport  coal  in  Ebensburg  quadrangle.  ^ 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

Moisture 

0.52 

66.00 

26.59 

6.89 

1.21 

0.63 
64.43 
27.92 

7.02 
.94 

0.41 

74.71 

19.41 

5.47 

1.38 

1.41 

71.26 

20.06 

7.28 

3.34 

0.43 

72.89 

17.77 

8.91 

1.83 

0.47 

74.17 

18.44 

6.92 

1.71 

0.-41 

Fixed  carbon 

73.17 

Volatile  matter 

17.83 

A«h 

8.59 

Sulphur 

1.53 

a  Ebensburg  folio  (No.  133),  Qeol.  Atlas  U.  S.,  U.  S.  Qeol.  Survey,  1905,  p.  9.    TheaampUw  whose  analy- 
see  are  given  above  were  collected  by  Charles  Butts. 
1, 2.  Pennsylvania,  Beech  Creek,  and  Eastern  Coal  Company,  Qallitzin.    W.  T.  Sohaller,  analyst. 

3.  Shoemaker  Coal  Company,  Sonman.    W.  T.  Schaller,  analyst. 

4.  O.  Pearse  &  Sons,  Puritan.    W.  T.  Schaller,  analyst. 

5, 6, 7.  If  ountaln  Coal  Company,  Dunk).    Analysis  made  at  Metallurgioal  Laboratory,  Pittsburg,  Pa. 

Occurrence  and  physical  character. — The  Upper  Freeport  coal  about 
South  Fork  may  occur  in  either  two  or  three  benches,  of  which  only 


Figure  9.— Sections  of  the  Upper  Freeport  (E  or  Lemon)  coal  near  South  Fork.    Scale,  1  inches  feet. 

1,  O.  M.  Stineman  No.  3;  2,  H.  C.  Stineman  No.  5;  3,  Pennsylvania,  Beech  Creek  and  Eastern  Coal  Com- 
pany No.  8;  4,  natural  exposure  in  railroad  cut  at  Ehrenfeld;  5,  South  Fork  Coal  Mining  Company  No.  2 


Figure  10. — Sections  of  the  l.'pper  Freeport  coal  along  the  southeastern  margin  of  the  Wiimore  Basin 

(after  Butts).    Scale,  1  inch  =  5  feet. 

1,  Webster  No.  11  mine,  southeast  of  Qallitzin.  Pa.;  2.  Shoemaker  mine,  Sonman;  3,  Hopfer's  mine, 
Trout  Kuii;  4,  (Jeorge  Pearse  A  Sons,  Puritan;  5,  Beaverdam  Run,  near  Pa  via  road;  0,  Logan  Coal  Com- 
pany, Beaverdale;  7,  Dunlo. 

the  two  low^er  are  workable,  and  in  this  respect  it  differs  essentially 
from  the  same  coal  about  Johiistow  n.  At  Elirenfeld  and  at  opening 
No.  8  of  the  Pennsylvania,  Beech  Creek,  and  Eastern  Coal  Company, 
on  the  opposite  side  of  Conemaugh  River,  only  two  benches  were 
observed,  and  the  upper  bench  is  for  the  most  part  very  much  thicker 
than  the  corresponding  middle  bench  at  places  where  three  are 
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present.  The  upper  of  the  workable  benches  ranges  in  thickness 
from  1  foot  to  2  feet  and  the  lower  bench  from  IJ  to  2  feet.  The 
bone  or  shale  between  the  two  main  benches  ranges  from  half  an  inch 
to  2  inches.  It  is  very  persistent  in  this  district  and  is  usually  pres- 
ent also  in  this  bed  along  the  southeast  margin  of  the  Wilmore  Basin. 
Figures  9  and  10  show  the  general  similarity  of  this  coal  bed  on  both 
sides  of  the  Wilmore  Basin. 

LOWER   FREBPORT  COAL. 

The  next  lower  coal  in  the  South  Fork  district  is  the  Lower  Free- 
port  coal,  which  Ues  from  40  to  50  feet  below  the  Upper  Freeport 
coal.  It  is  persistent  and  is  shown  in  most  of  the  diamond-drill 
records,  but  it  has  not  been  developed  in  this  district.  Locally  it  is 
of  workable  thickness;  in  some  of  the  well  records  it  measures  as 
much  as  2i  feet  solid  coal  with  no  partings;  in  others  it  consists  of 
two  benches  separated  by  a  thin  binder.  The  two  benches  taken 
together  would  constitute  a  workable  bed.  In  most  of  the  sections 
studied  it  is  so  badly  broken  up  or  so  thin  as  to  be  of  no  value;  and 
it  therefore  can  not  be  classed  among  the  commercial  coals  in  this 
district  at  present. 

UPPER   KITTANNINO  (CEMENT)  COAL. 

Name  and  position. — ^The  next  lower  coal — the  Upper  Kittanning 
(Cement)  bed — is  an  important  coal  near  South  Fork.  It  corresponds 
to  the  same  bed  about  Johnstown,  though  it  is  not  at  this  time  so  im- 
portant as  the  coal  in  that  district.  It  occurs  nearly  midway  between 
the  Upper  Freeport  (Lemon  or  E)  coal  and  the  Lower  Kittanning 
(Miller)  bed.  North  of  Conemaugh  River,  therefore,  where  the  inter- 
val between  these  two  coals  is  only  145  feet  (as  near  New  Germany), 
it  occurs  about  67  feet  below  the  Upper  Freeport  coal  and  about  75 
feet  above  the  Lower  Kittanning.  South  of  the  river,  where  the 
interval  between  the  Upper  Freeport  and  Lower  Kittanning  is 
approximately  200  feet,  it  is  again  about  midway  between  the  two, 
its  distance  below  the  former  and  above  the  latter  ranging  from  92 
to  105  feet. 

Extent  and  development, — ^The  Upper  Kittanning  is  worked  for 
local  supply  in  the  town  of  South  Fork  by  Robert  A.  Giles  and 
Charles  Hutzel.  Other  (abandoned)  banks  in  the  town  were  observed. 
West  of  the  town  and  on  the  west  side  of  South  Fork  it  is  worked 
on  a  considerable  scale  by  II.  C.  and  O.  M.  Stineman.  The  coal  is 
present  in  the  hills  westward  to  Mineral  Point  and  beyond.  Near 
Mineral  Point  two  small  mines  on  this  coal  bed  belong  to  H.  W. 
GiUan.     (See  PI.  IV,  B.) 

(Chemical  character. — ^Analysis  No.  5,  page  40,  indicates  the  com- 
position of  this  coal  in  South  Fork.     The  coal  is  bright  and  lustrous 
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and  the  analysis  shows  it  to  be  on  a  par  with  the  corresponding  coal 
in  the  Johnstown  district.  Both  its  ash  and  sulphur  average  below 
those  of  the  coal  in  that  district,  but  in  other  respects  the  analyses 
are  very  similar. 

To  the  east,  in  the  Ebensburg  quadrangle,  this  coal  is  locally 
workable  and  has  been  opened  and  worked  by  G.  Pearse  &  Sons  at 
Puritan,  on  Trout  Run.  The  composition  of  the  coal  here,  as  shown 
in  the  table  below,  is  about  the  same  as  it  is  farther  west,  about 
South  Fork;  but  analyses  of  the  two  samples  collected  in  the  same 
mine  show  considerable  divergence. 

Analyses  of  Upper  KiUannxng  coal  at  Puritan. 
[W.  T.  Schaller,  analyst.] 


1.70 
19.28 
71.19 

7.83 
Sulphur 1. 60 


Moisture 

Volatile  matter. 
Fixed  carbon . . 
Ash 


0.52 

22.00 

67.49 

9.99 

3.47 


Occurrence  and  physical  cliara/ieT, — In  thickness  the  coal  ranges 
from  3  to  3i  feet,  usually  without  any  partings,  and  has  a  hard  shale 
roof  which  gives  no  trouble.     There  is  in  places  a  few  inches  of  bone 


Figure  11.— Sect  ions  of  the  I'ppor  Kittanning  (Cement  or  C)  coal  in  the  South  Fork-Mineral  Point 

district.    Scale,  1  inch=5  feet. 

I,  II.  C.  Stlneman  No.  W,  South  Forli;  2,  O.  M.  Stineman,  No.  ^,  South  Fork;  3,  Kobert  A.  Giles.  South 
Fork;  4,  Charles  llutzel.  South  Fork;  5,  Old  opening,  southern  part  of  South  Fork;  G,  7,  U.  W.  (tillan,near 
Mineral  Point;  8,  Salt  Lick  Run. 

at  the  toj),  which  is  discarded  in  niinint]:.  The  lower  j)art  of  the  coal  is 
locally  bony.  Below  this,  and  in  its  absence  directly  below^  the  coal, 
there  is  a  hand  of  clay,  rangino^  from  a  few  inches  to  more  than 
2  feet.  Below  the  clay,  or  just  below  the  coal  itself,  is  found  a  bed 
of  limestone  or  cement  rock — the  Jolmstown  limestone  member — 
measuring  in  places  as  much  as  4  feet. 

Figure  1 1  indicates  graj)hically  what  has  been  outlined  above.  In 
the  area  to  the  east  the  coal  is  locally  workable,  and  where  exj)loited 
by  G.  Pearse  &  Sons,  on  Trout  Run,  on  the  east  side  of  the  basin. 
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in  the  Ebensburg  quadrangle^  its  thickness  is  very  much  the  same  as 
near  South  Fork.  At  Bennington  it  is  2  feet  10  inches  thick;  in  the 
Sonman  shaft  it  is  2  feet;  in  the  Yellow  Run  shaft  2  feet  6  inches;  and 
in  a  diamond-drill  hole  of  the  Henriette  Mining  Company,  south  of 
Llanfair,  it  is  1  foot  thick.  On  the  east  side  of  the  basin,  therefore, 
it  can  not  be  considered  more  than  locally  workable.  On  the  west 
side  of  the  basin  it  may  be  regarded  as  among  the  future  important 
coals,  both  near  South  Fork  and  in  the  region  to  the  south,  where 
considerable  exploratory  work  with  the  diamond  drill  has  showed  this 
coal  to  be  3  feet  or  more  in  thickness. 

LOWER  KITTANNINO  (mILLER)  COAL. 

Name  and  position. — ^The  Lower  Kittanning,  MiUer,  B,  or  White  Ash 
bed  is  the  most  important  coal  in  the  South  Fork-Mineral  Point 
district.  Inmiediately  about  South  Fork  it  lies  160  feet  below  the 
Upper  Freeportbed;  elsewhere  it  ranges  from  145  to  200  feet  below 
the  Upper  Freeport  coal  (see  p.  24)  and  about  half  as  much  below 
the  Upper  Kittanning  (Cement)  bed.  Its  position,  approximately 
55  to  65  feet  above  the  top  of  the  Pottsville  (or  "conglomerate  rock/' 
as  the  Pottsville  is  popularly  called),  should  serve  to  locate  and 
identify  it  with  little  trouble  in  the  South  Fork-Mineral  Point  district. 

Extent  and  development. — North  of  Conemaugh  River  the  coal  has 
been  opened  by  the  Pennsylvania,  Beech  Creek,  and  Eastern  Coal 
Company  and  worked  at  its  No.  3  and  No.  5  mines,  the  workings  in 
the  latter  being  on  the  dip  of  the  bed.  Farther  west  the  Priscilla 
Coal  Company  is  working  the  same  bed,  and  still  beyond,  near  the 
Ebensburg  (Viaduct)  anticlinal  axis,  are  the  openings  of  the  Keystone 
Coal  and  Coke  Company,  called  Argyle  Nos.  1  and  2  mines.  There 
are  also  a  few  abandoned  mines  on  the  Lower  Kittanning  bed  north 
of  Conemaugh  River,  and  to  judge  from  the  culm  heaps  at  their 
tipples  large  bodies  of  coal  have  been  removed  from  them. 

South  of  the  river  and  west  of  South  Fork  the  workings  on  the 
Lower  Kittanning  coal  are  extensive.  The  mines  here  include 
collieries  Nos.  2  and  4  of  the  Stineman  Coal  and  Coke  Company  and 
colliery  No.  1  of  the  Stineman  Coal  Mining  Company,  To  the  ea^st 
and  in  the  town  itself  are  the  workings  of  the  South  Fork  Coal  Mining 
Company.  The  magnitude  of  the  coal  industry  at  South  Fork  may 
be  judged  from  the  fact  that  in  1905  there  were  produced  in  these 
mines  1,400,000  tons  of  coal,  valued  at  $1,500,000. 

Chemical  chara^r. — Analyses  Nos.  15, 16, 28,  and  29  (pp.  40-42)  give 
an  excellent  idea  of  the  high  grade  of  this  coal  as  mined  near  South 
Fork.  The  analyses  below  give  an  idea  of  its  composition  in  the 
Ebensburg  quadrangle,  on  the  southeast  flank  of  the  Wilmore  Basin. 
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Analyses  of  Lower  KitUxnning  ( Miller)  coal  in  the  Ebensburg  quadrangle  o 

[Air-dried  samples;  W.  T.  Schaller,  analyst.) 


Moisture 

Volatile  matter. 
Fixed  carbon... 
Ash 


Sulphur I    1. 21 


1. 

2. 

3. 

4. 

5. 

6. 

0.53 

0.32 

0.57 

0.38 

0.96 

0.35 

26.90 

21.97 

23.52 

19:44 

20.46 

17.81 

63.52 

71.38 

69.64 

74.28 

72.76 

74.28 

9.05 

6.33 

6.27 

&90 

6.42 

7.56 

1.21 

.68 

.99 

.72 

1.74 

3.14 

0.43 
19.41 

75. 78 

4.38 

.76 


a  Ebensburg  folio  (No.  133),  Oeol.  Atlas  U.  S.,  U.  8.  Qeol.  Survey,  1906,  p.  9. 

1.  Reed  &  Bradley  mine,  Bennington. 

2, 3.  Lilly  Mining  Company,  Bear  Rock  Run. 

4.  A.  C.  Blowers,  Bens  Creek. 

5, 6.  Alton  Coal  Company,  Lloydell. 

7.  Henrlettc  Coal  Company,  near  Llanfair. 

1  to  6  collected  by  Charles  Butts;  7  by  W.  C.  Phalen. 

From  the  analyses  (pp.  40-42)  it  appears  that  the  fixed  carbon  in 
the  samples  collected  in  the  Johnstown  quadrangle,  near  South  Fork, 
ranges  from  74  to  more  than  78  per  cent,  with  volatile  matter  ranging 
from  14  to  more  than  16  per  cent.  The  moisture  of  the  sampler  as 
received  at  the  laboratory  is  low,  not  exceeding  3.5  per  cent.  The 
samples  from  South  Fork  are  notably  low  in  sulphur  and  ash  and 
show  the  excellent  character  of  the  Lower  Kittanning  (Miller)  coal 
in  this  part  of  the  Wilmore  Basin.  The  samples  collected  from  the 
Ebensburg  quadrangle  by  Charles  Butts  and  W.  C.  Phalen  during  the 
summer  of  1903  were  analyzed  in  the  chemical  laboratory  of  the 
Survey  at  Washington  and  not  in  the  laboratory  of  the  technolog^ic 
branch  of  the  Survey  at  St.  Louis.  .  The  results  of  analyses  are  there- 
fore not  strictly  comparable  with  the  results  of  analyses  from  South 
Fork  (pp.  40-42).  The  former  show  more  diversity  in  composition, 
as  would  naturally  be  expected  when  the  scattered  places  from  which 
the  samples  were  collected  are  considered.  The  general  similarity 
of  the  results,  however,  is  noteworthy,  as  is  also  the  low  content  in 
sulphur  and  ash.  The  second  sample  collected  from  the  Alton  G>al 
Company's  mine  at  Lloydell  (No.  6,  above)  seems  to  be  entirely 
exceptional  regarding  its  sulphur  content,  and  it  is  probable  that  a 
'* sulphur  ball''  found  its  way  into  the  sample  without  being  suspected. 

Steaming  tests, — As  a  steam  coal  the  Lower  Kittanning  (Aliller) 
coal  from  the  South  Fork  district  ranks  among  the  very  best  of 
western  Pennsylvania  and  probably  equals  in  steaming  value  any 
other  steam  coal  in  this  part  of  the  State.  (See  comparative  tables, 
p.  37.) 

In  the  following  tables  are  given  the  results  of  tests  on  run-of- 
mine  coal  loaded  under  the  supervision  of  J.  S.  Burrows,  formerly 
of  the  Survey,  collected  from  No.  3  mine  of  the  Pennsylvania,  Beech 
Creek,  and  Eastern  Coal  Company,  at  Ehrenfeld.  One  coking  test, 
five  steaming  tests,  and  one  producer-gas  test  were  made  on  the  car- 
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load  sample  collected.^  A  steaming  test  was  also  made  on  this  sample 
mixed  with  coal  from  the  Darby  mine  of  the  Darby  Coal  and  Coke 
Company,  at  Darby,  Lee  County,  Va.,  but  the  results  of  this  test 
are  not  given  in  the  bulletin  cited. 

The  analysis  of  the  carload  sample  tested  is  as  follows  (for  mine 
samples  see  analyses  28  and  29,  pp.  41-42) : 

ft  ^^ 

Analyns  of  carload  sample  of  Lower  Kittanning  coal  from  South  Fork -Mineral  Point 

district. 

Laboratory  No 2152 

Air-drying  loss 2. 90 

^  |Moifiture 3. 51 

Volatile  matter 16. 82 

Fixed  carbon 73. 04 

jAsh 6.63 

ISulphur 94 

Hydrogen 4. 56 

Carbon 80.70 

Nitrogen : 1.26 

Oxygen 5. 91 

Calorific  valne  determined : 

Calories 7,933 

British  thermal  unite 14, 279 

The  results  of  the  steaming  tegts  on  this  coal  are  as  follows : 

Steaming  tests  on  LoTver  Kittanning  coal  from  South  Fork- Mineral  Point  district. 


I 


Heating  valae  of  ooaI..B.  t.  a.  per  poand  of  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water.. 

Above  fire do — 

Fnmaoe  temperature '^F.. 

Dry  ooal  used  per  aqoare  foot  of  grate  surface  per 
boor pounds.. 

Equivalent  water  evaporated  per  square  foot  of 
water-beating  surface  per  bour pounds. . 

Percentage  of  rated  borsepower  of  boiler  developed... 

Water  apparently  evaporated  per  pound  of  coal  as 
fired pounds . . 

Water  evaporated  from  and  at  212*  F.: 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  ooal do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  bonepower  bour pounds. . 

Per  elecMcal  borsepower  bour do 

Dry  coal: 

Per  bidicated  borsepower  bour do 

Per  electilcal  borsepower  bour do — 

Proximate  analysis: 

Moisture 

Volatile  matter 

Fixed  carbon 

Asb 


Test  236. 


Sulpbor. 


14,886 

0.43 

.15 

2,317 

15.74 

2.03 
82.0 

8.51 

10.12 
10.37 
11.20 
67.27 

2.79 
3.45 

2.73 
3.37 


2.37 
16.74 
74.66 

6.23 


100.00 
.88 


Test  237. 

Test  238. 

14,868 

14,828 

0.46 

.16 

2,266 

a50 

.17 

2,212 

16.23 

15.09 

2.96 
83.0 

2.93 
82.1 

8.27 

8.44 

9.85 
10.17 
11.02 
66.06 

10.05 
10.42 
11.29 
67.86 

2.87 
3.54 

2.81 
3.47 

2.78 
3.43 

2.71 
3.35 

3.11 
15.68 
74.93 

6.28 


100.00 


3.56 
16.09 
73.86 

6.50 


100.00 

.87 


=1- 


14,000 

0.63 
.19 


17.64 

3.08 
86.5 

7.98 

9.52 

9.75 

10.71 

64.10 

2.97 
3.67 

2.90 
3.58 


2.44 

16.64 

73.69 

7.23 


100.00 
1.12 


Test  242. 


14,660 

0.47 

.16 

2,060 

14.33 

2.92 
81.9 

8.52 

10.17 
10.22 
11.15 
67.19 

2.78 
8.43 

2.77 
3.41 


0.42 
17.51 
75.20 

6.87 


100.00 
1.01 


a  Bull.  U.  8.  Geol.  Survey  No.  290, 1906,  pp.  17»-181. 
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Steaming  tests  on  Lower  Kittanning  coal  from  South  Fork- Mineral  Point  distriet- 

Contiuued. 


Ultimate  analysis: 

Carbon  a 

Hydrogen  «... 

Oxygen  a 

Nitr^eno 

Sulphur 

Ash 


Test  236. 

Tost  237. 

Test  238. 

Test  239. 

84.14 

84.03 

83.81 

82.98 

4.34 

4.35 

4.33 

4.28 

2.93 

2.01 

2.91 

2.80 

1.31 

1.31 

1.31 

1.29 

.90 

.92 

.90 

1.15 

6.38 

6.48 

6.74 

7.41 

100.00 

100.00 

100.00 

100.00 

83.35 
4.15 
3,27 
1.32 
1.01 
6.90 


100.00 


a  Figured  from  car  sample. 

Test  236:  Size  as  shipped,  run  of  mine.  Size  as  used,  over  1  inch,  6.5  per  cent;  }  Inch  to  1  inch,  13.6  per 
cent;  \  inch  to  }  inch,  22.4  per  cent;  under  ^  inch,  57.5  per  cent.  Duration  of  test,  9.88  hours.  Kind  of 
grate,  rocking. 

Test  237:  Size  as  shipped,  run  of  mine.  Size  as  used,  over  1  inch,  5.8  per  cent;  ft  inch  to  1  inch,  12.3  per 
cent;  i  inch  to  J  inch,  19.5  per  cent;  under  ^  inch,  62.4  per  cent.  Duration  of  test,  10  hours.  Kind  of 
grate,  rocking. 

Test  238:  Size  as  slilpped,  run  of  mine.  Size  as  used,  over  1  inch,  5.4  per  cent;  J  inch  to  1  inch^O.l  per 
cent;  i  Inch  to  i  inch,  14.9  per  cent;  under  \  inch,  70.6  per  cent.  Duration  of  test,  10.02  hours.  Kind  of 
grate,  rocking.. 

Test  239:  Size  as  shipped,  run  of  mine.  Size  as  used,  over  1  inch,  4.4  per  cent;  )  inch  to  I  inch,  8.8  per 
cent;  ^  inch  to  J  inch,  16.2  per  cent;  under  i  inch,  70.6  per  cent.  Duration  of  test,  9.92  hoars.  Kind  of 
grate,  rockinc. 

Test  242:  Size  as  shipped,  run  of  mine.  Size  as  used,  over  1  inch,  2.0  per  cent;  )  inch  to  1  inch,  7.0  per 
cent;  ^  inch  to  i  inch,  14.5  per  cent;  under  ^  inch,  76.5  per  cent.  Dried  coal.  Duration  of  test,  7.88  hours. 
Kind  of  grate,  plain. 

The  figure  giving  the  number  of  pounds  of  water  evaporated  by 
1  pound  of  dry  coal  from  and  at  a  temperature  of  212°  F.  gives  the 
results  of  the  coal  tested  so  far  as  these  relate  to  its  commercial  value, 
and  the  reader  is  referred  to  the  table  on  page  37  for  the  standing 
of  the  Ehrenfeld  coal  among  other  standard  steaming  coals.  The 
results  of  the  tests,  on  the  Ehrenfeld  samples  though  showing  a  range 
of  9.75  to  10.42  pounds  of  water  evaporated  per  pound  of  dry  coal 
used,  are  yet,  when  averaged,  among  the  very  best  made  at  the  testing 
plant. 

Coking  tests. — ^The  coal  from  the  lower  Kittanning  bed  near  South 
Fork  has  been  coked,  and  the  results  of  the  test  on  the  sample  from 
Ehrenfeld  are  given  below: 

Coking  test  on  Lower  Kittanning  coal  from  Ehrenfeld. 
[Run  of  mine;  flnely  crushed;  raw;  duration  of  test,  51  hours.] 

Coal  chained pounds. .  10, 000 

Coke  produced do 5, 223 

Breeze  produced do 1, 600 

Coke  produced per  cent. .     52. 23 

Breeze  produced do 16. 00 

Total  percentage  yield 68. 23 

The  product  was  a  soft,  dense  coke  of  a  dull-gray  color,  in  large  and 
small  chimks.  There  was  a  heavy  black  butt  on  the  coke,  and  it  was 
hard  to  bum.     The  cell  structure  was  small. 
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Analyses  of  coal  and  coke. 


CoaL 

Coke. 

Moisture 

3.32 

15.  M 

74.29 

6.83 

1.12 

0.91 

Volatile  matter 

2.16 

Fixed  carboD 

88.99 

Ash 

7.94 

Sulohur  ..            

.91 

The  yield  of  coke  from  this  test  is  comparatively  high,  but  the  poor 
quality  of  the  coke  shows  that  the  coal  does  not  belong  among  the 
best  coking  coals  of  western  Pennsylvania  and  West  Virginia.  Coke 
made  by  the  Cambria  Steel  Company  with  coal  mined  from  this  bed 
about  Ehrenfeld  proved  well  adapted  to  metallurgical  purposes.  The 
yield  also  was  satisfactory. 

Cupola  tests.^ — In  connection  with  the  tests  of  coals  made  at  the 
plant  of  the  United  States  Geological  Survey  at  St.  Louis  in  1904 
practical  melting  tests  were  made  of  coke  that  showed  any  likelihood 
to  be  of  value  to  the  foundry  industry.  Among  those  tested  was  one 
made  from  coal  collected  at  colliery  No.  3  of  the  Pennsylvania,  Beech 
Creek,  and  Eastern  Coal  Company  at  Ehrenfeld.  The  test  was  con- 
ducted in  a  36-inch  foundry  cupola  lent  by  the  Whiting  Foundry 
Equipment  Company,  of  Chicago.  The  36-inch  shell  of  the  cupola  was 
reUned  to  26  inches  internal  diameter.  There  were  four  horizontal 
tuyeres  measuring  4  by  6  inches  on  the  outside  and  3  by  13  inches 
on  the  inside  of  the  cupola,  which  were  situated  1 1  inches  above  the 
sand  bottom.  The  total  tuyere  area  was  96  square  inches,  giving  a 
ratio  of  1  to  6.96  with  the  cupola  area.  A  No.  6  Sturtevant  fan  run 
at  2,514  revolutions  a  minute  furnished  the  blast,  which  was  kept  at 
about  7  ounces. 

The  cupola  test  was  conducted  by  W.  G.  Ireland,  and  the  details  of 
the  method  employed  are  outlined  in  the  references  cited  above  and 
will  not  be  given  here.  The  results  of  the  test  are  shown  in  the  fol- 
lowing table:        % 

a  Prof.  Paper  U.  8.  Qeol.  Survey  No.  48,  pt.  3, 1906,  pp.  1367-1370!  Bull.  U.  B.  Oeol.  Survey  No.  336, 
1908,  pp.  48,  49,  SO,  54,  67, 60,  63. 


74      MINERAL  BESOURCES  OF  JOHNSTOWN,  PA.,  AND  VICINITY. 


^ 


s 

o 


a. 


0528 


o 


•3 
§ 
& 


u 


M 


Mr} 

£8 


M 

8 


o 

CO 


boa 


9i 

M 


MC 


o 
U 


§g 


dC4 


II 


9n 


MOO 


CSOk 


lO 


2<* 


iO 


CJ^ 


CO 


00  h- 


t3» 


Hi 


Pig 

Iron. 

?52 

• 

M 

8 

ss 

• 

5?5 

s 

o. 

§ 


i5 

o 


'(saqsoi) 
saiaiCn)  jo  do| 
d  A  o  q  «  )q3{9H 


'(spimod) 
(— )  asoajaap 
io  (+)  asvaiaui 


S 

bfi 

s 

** 


'aseaio 
-ap  JO  essaxoax 


*03|00  0}  aoji 


-()a<K>  jad)  8S0I  Snnian 


tt'O 


•93103 


'UOJI 


5 
g 


'aceaja 
-ep  JO  asQajauj 


'(spnnod) 
i  n  0  q    J  a  J 


•9 

c 

9 
O 
0, 


mox 


'paitota 
ivuonippv 


'painoj 


'(saoono) 
djnssajd  !)8«iq  mnin|X«|| 


p. 

OQ 

Pig 

iron. 

Ou2 

too 

linj  '(;uao  iad)  dvus  X^ipfnij 


-X)|abjS  og]a9ds 


§3 


+ 


1$ 


•        ■ 


009 


S3 


•OiO 


Sua 
•oesi 


ic* 


»^»^ 


IS 


r-r- 


ON  "Jsa^  «lodno      3  Sg 


SOUTH  FOBK-MIKEBAL  POINT  DISTRICT. 


75 


•2 

C 

G 
C 

Q 


8 


I 

o 

C 


1 

a 

a 

o 


e 

o 
■5? 


c 
2 

•s 

S 

^« 

o 


o 
« 

•d 

s 


I 

< 


(0 

Sr: 

.o 

.J 

.«*.«i 

X 

Sic 

< 

-HCO 

•^ 

• 
09 

sss 

.o 

1^ 

1 

:gS3 

■M 

•        • 

•< 

^ 

■ 

ss 

2 

iJ 

• 

1 

SIS 

< 

•        • 

r-»eo 

.-100 

M 

a»io 

^ 

I-) 

1 

?r5 

♦* 

tOiO 

-< 

^eo 

^H 

• 

BO 

SsS 

^ 

1^ 

1 

eio 

1 

>OiO 

< 

•        • 

OkOO 

5 

r^r^ 

1^ 

•«« 

I 

s$ 

-** 

^rt 

^H 

« 

?!« 

1^ 

a 


O 

•d 


3 

a 


o 
8 

6 

O 


o 
o 


.a 


I 


N 


i 

gS3 

1 
< 

S8 

Lbs. 

sss 

1 

C4  0b 

^ 

f2K 

i 

•     • 

• 

1      . 

1-^ 

i 

its 

1 
-< 

8!2 

1^ 

SS 

1 

1^ 

S2gg 

1 

too 

• 

SS 

i 

00  lA 

»o55 

*       • 

■ 

tf) 

•J 

Sf5 

1 

u33 

■ 

w 
1^ 

£S 

I 

S3 


I    88  ♦»     . 


3S 


g; 

^ 

1 

«A 

e9 

ai 

•d 

a 

s 

& 

QO 

•O 

a» 

•s 

.fl 

• 

«» 

i3 

g$ 

S! 

• 

p: 

Iron  hot. 

Iron  hot;  27th  ladle— 79  pounds  at 

to 

S§^ 

1 

Meltl 

tlm 

(mil 

utes 

s 

• 

1 

i 

• 

I-] 

"i 

^ 

1 

1 
< 

2.11 
4.04 

1 

? 

-^ 

-g 

i 

^S 

9 

a 

a 

•w4 

8 

1 

"3 
g 

< 

53 

■     ■ 

• 

9 

s 

O 

9Sg 

«^ 

O 

O 

"2 

i 

1                      ^ 

ci'T 

(< 

o 

i 

SSo 

S         iJ 

E 

•M 

1 

S8 

•d 

c 

-< 

*» 

XL 

• 

M 

s 

osr>. 

•Si 

.u 

h-OO 

4) 

1^ 

# 

!^ 

3S 

4^ 

•     • 

•< 

^H 

CO 

ss 

A 

* 

pola 
test 

> 

1 

£ 

76       MINERAL   RESOURCES   OP  JOHNSTOWN,   PA.,   AND   VICINITY. 


Producer-gas  test. — The  following  results  were  obtained  from  the 
producer-gas  test  made  on  the  Ehrenfeld  sample: 

Producer-gas  test  on  Lower  KiUanning  coal  from  Ehrenfeld.^' 


Coal  eofuumed  in  producer  per  kor$epower  per  hour. 


Per  electrical  horsepower: 

Available  for  outqide  purposes. 

Developed  at  switcbboard 

Per  brake  horsepower: 

Available  for  outside  purposes. 

Developed  at  en^iDe 


^uivaUiU  used  6y  producer  plant. 


Per  electrical  horsepower: 

Available  for  outside  purposes. 

Developed  at  switchboard 

Per  brake  horsepower: 

Available  for  outside  purposes. 

Developed  at  engine 


Coal  as 
fired. 


Pounds. 

1.25 
1.18 

1.06 
1.00 


Dry 
ooal. 


Com- 

busti- 
ble. 


Pounds.  Pounds. 
1.22  1.13 

1.15  1.07 


1.04 
.98 


,96 
91 


1.35 

1.32 

1.28 

1.25 

1.15 

1.12 

1.00 

1.06 

1.22 
1.15 

1.04 
.98 


a  Bull.  U.  S.  Oeol.  Survey  No.  290,  190G,  pp.  180-181. 

Size  aB  shipped,  run  of  mine;  size  as  used,  not  determined.  Duration,  50  houni. 
Average  electrical  horsepower,  187.9;  average  British  thermal  units  gas  per  cubic 
foot,  133;  total  coal  fired,  11,100  pounds. 

Analyses. 


Coal. 

Gas  by  volume. 

Moisture 

1 
2.49 
IG.  01 
73.70 

Carbon  dioxide  (COt) 

9.9 

Volatile  matter 

Carbon  monoxide  (CO) 

18,7 

Fixed  carbon 

Hydrogen  iHs» 

14.1 

Ash -- 

7.20 

Methane  (CH«) 

2.2 

^ItrnffP'n  (K*\ 

55  1 

100.00  1  "*'" ''  " 

.91 

Sulphur 

100.0 

Occurrence  and  physical  character. — The  Lower  Kittanning  coal 
near  South  Fork  (see  fig.  12)  has  a  section  similar  to  that  of  the  bed 
near  Johnstown,  already  described.  Its  main  bench,  however,  is 
thicker,  averaging  nearly  4  feet  and  in  some  places  reaching  5  feet, 
with  no  partings.  The  double  structure — that  is,  the  occurrence 
of  a  main  bench  with  the  under  coal — which  is  fairly  persistent  in 
the  Johnstown  district,  is  even  more  apparent  about  South  Fork. 
Some  of  the  mines,  however,  show  it  only  here  and  there.  In  other 
physical  aspects  this  coal  resembles  the  I>ower  Kittanning  bed  about 
Johnstown.  Its  roof  of  dense  shale  or  sandstone,  the  general  absence 
of  "draw  slate"  or  of  clay  veins,  and  the  irregular  floor  are  all  com- 
mon to  the  bed  in  both  districts.  The  top  few  inches  of  the  coal 
is  usually  bony  and  has  to  be  discarded.  In  appearance  the  coal  is 
lustrous  and  much  of  it  is  iridescent,  and  its  columnar  cleavage  is 
one  of  its  more  characteristic  features. 


SOUTH   FOBK-MINEBAL  POINT  DISTKICT. 


11 


The  lower  bench  varies  in  thickness,  but  is  in  places  as  much  as 
2  feet  thick;  this  thickness  is  reached  near  both  South  Fork  and 
Mineral  Point.  The  lower  coal  is  underlain  by  valuable  plastic 
clay  and  is  separated  from  the  main  bench  by  a  few  inches  to  a  foot 
of  clay  or  shale.  So  far  as  known,  the  under  coal  is  not  utilized. 
As  a  rule  it  is  not  so  persistent  along  the  southeastern  mai^n  of  the 
Wilmore  Basin  if  the  sections  obtained  by  Mr.  Butts  and  Mr.  Phalea 


FioUBi  12.— Sent  Ions  o 


Id  Ihs  South  Fark-UIneral  Point  district. 


ir  KktoDDlBg  (UU> 

Scale.  llDch-fifeel. 

1.  Keystone  Coal  aad  Coke  Cmapanj.  Argyle  No.  2,  Soulb  Fork. 

2.  Keyslont  Coal  and  Coke  Company,  Argyle  No.  1,  Soutb  Fork. 

3.  PrlacUla  Co«I  Compaiiy,  South  Pork. 

4.  Pennsylvania.  Bnch  Crnk  and  Easteni  Coal  Company,  Ehrenfild. 
i.  Stineman  Coal  and  Cokt  Company,  No.  2,  Soutli  Fork. 

6.  StlDcmao  Coal  and  Coke  Company,  No.  4.  South  Fork, 
T.  etlnrman  Coal  MUilng  Company,  No.  I,  South  Fork. 

5.  StlDiman  Coal  and  Cok«  Company,  No.  2,  Timber  opening.  South  Fork. 
».  South  Pork  Coal  Mining  Company,  No.  1,  South  Pork. 

10,  Valley  Smokeless,  No.  3.  Ulneral  Polnl, 

11.  Page  S:  Relghard.  Juniper  mine.  Mineral  Point. 
II.  Ceoree  SdialfT,  Hlosral  Point. 

in  1903  are  representative.     It  here  appears  locally,  as  the  following 
section  shows: 

Section  of  Lovxr  KiUmming  (Miller)  coal  at  llenrielte  thafl  No.  I.  Llanfair.  Pa, 

Ft.  In. 

Cflftl a  9 

Slate 3 

Coal II 

Clay. 


A  coal  65  feet  below  the  Ix»wer  Kittanning  (Miller)  bed  has  been 
opened  at  a  few  points  about  South  Fork  and  Mineral  Point.  Tlii'^ 
cfial  probably  corresponds  to  the  Brookville  or  A  coal.  Most  of  the 
openings  have  fallen  shut,  but  one  bank  is  mined  at  South  Fork  to 
supply  the  local  brick  company.  The  coal  is  better  known  locally 
as  the  Dirty  A  or  Six-foot  coal,  but  where  measured  (see  fig.  13) 
only  3i  feet  of  coal  was  observed.    The  bone  parting  observed  a 
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foot  from  the  base  is  only  an  inch  thick.  The  roof  is  shale  or  sand- 
stone and  so  far  as  known  gives  no  trouble.  The  coal  runs  as  thick 
as  5  feet  and  as  thin  as  3  feet.  According  to  reports,  4  feet  may  be 
considered  an  average.  The  coal  is  reported  not  to  be  roily  and  no 
clay  veins  of  importance  have  been  encountered. 

It  has  a  composition  indicated  by  analysis  36, 
page  41.  From  the  high  ash  and  sulphur  content, 
aggregating  more  than  15  per  cent,  the  coal  deserves 
the  name  Dirty  A,  which  is  often  appUed  to  it.  In 
other  respects  the  analysis  corresponds  with  those 
of  other  coals  of  the  area,  being  relatively  high  in 
FiouRK  i3.-8ection  of    fixcd  carbou  and  low  in  volatile  matter.     It  is  pos- 

Tthe'^e'Vf^^'^  ®'^'®  ^^^^  ^^^  ^^**  ™^y  ^  valuable  in  this  district, 
wickes,  South  Fork,  but  the  fact  that  it  has  not  been  developed  on  an 
Scale,  iinch-5  feet.       extensive  scale  and  apparently  has  not  come  into 

competition  with  the  other  coals  of  the  district  is  strong  presumptive 
evidence  that  in  quality  it  is  not  up  to  the  standard  of  the  other  coals 
mined  about  South  Fork. 

P0TT8VILLE  COALS. 

But  one  other  coal  in  the  South  Fork-Mineral  Point  district  deserves 
brief  attention.  This  is  the  coal  associated  with  the  flint  clay  (see 
pp.  121-123)  at  the  Mercer  horizon.  The  coal  is  not  worked  and 
where  observed  was  merely  a  thin  streak  in  the  middle  of  the  clay. 
The  following  section  was  seen  and  measured  at  the  clay  mine  of 
J.  II.  Wickes:  "  ' 

Section  of  clay  and  coal  at  Mercer  horizon,  South  Fork. 

Roof,  heavy  sandstone.  Ft.      In. 

Plai^tic  clay 3J 

Coal i-2 

Flint  (lay 41 

Sandstone. 

Though  the  coal  is  not  workable  here,  it  is  quile  possible  that  it 
may  be  of  workable  thickness  locally.  In  this  district,  however,  it 
can  not  be  regarded  as  among  the  commercial  beds  of  the  future. 

BLACKLICK    CHEEK    DlSTllICT. 
EXTENT. 

In  the  Blacklick  (^'eok  district  will  be  included  the  coal  occurrences 
along  Blacklick  Creek  and  its  South  Branch.  Operations  on  these 
coals  are  confined  almost  exclusively  to  the  creek  valley,  the  ])rincipal 
mining  towns  being  Xanty  Glo,  CardiflF,  Twin  Rocks,  We])er,  Vinton- 
dale,  and  Wchnira.  The  coals  outcrop  from  Nanty  Glo,  where  they 
are  brought  above  drainage  level  on  the  east  margin  of  the  Laurel 
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Ridge  anticline,  westward  to  Yintondale,  on  the  west  flank  of  the 
same  anticline.  Just  west  of  Yintondale  the  highest  workable  coal 
disappears  below  drainage  level,  and  still  farther  west,  at  Wehruniy 
mining  operations  are  conducted  by  means  of  a  shaft.  West  of 
Wehrum  the  coal-bearing  beds  are  brought  above  drainage  level 
just  at  the  western  edge  of  the  quadrangle,  near  Dilltown.  A  few 
country  banks  have  also  been  opened  on  Mardis  Run. 

GEOLOGIC  POSITIOV  OF  COALS. 

Figure  2  shows  the  relations  between  the  principal  coals  in  the 
Blaoklick  Creek  district,  and  the  following  section,  measured  along 
the  railroad  and  in  the  hills  north  of  Yintondale,  shows  the  character 
of  the  beds  which  make  up  the  intervals: 

Section  north  of  Vintondale. 

Ft.        In. 

Sand  and  shale 9 

Coal,  reported  42  inches,  thinning  to  18  inches  when  run  in 

from  the  outcrop  (D  coal). 

Concealed 57 

Sandstone 15 

Concealed 10} 

Shale,  sandy 5 

Concealed lOJ 

Shales,  brown-drab 10 

Coal,  2  feet  3  inches..] 

Clay,  1  inch [Middle  KitUnning  (C)  coal 2        lOJ 

Coal,  6}  inches J 

Shales 7         8 

Chiefly  clay 5         2 

Sandstone 3         1 

Shale,  black 2         4 

Sandstone  with  black  shale  partings 5         2 

Shale,  sandy,  becoming  concretionary  and  ferruginous  at  base.  20         8 

Interval 4 

Shale,  variegated  black  and  drab 6 

Coal,  3  feet  8  inches. 

Shale,  2  inches 

Coal,  4  inches 

Clay,  2  inches 

Coal,  9  inches 

Shales,  sandy 6 

Fire  clay,  dark  gray 3         5 

Sandstone,  drab,  resembling  ganister. 2-3 

Clay,  light  drab 3 

The  Middle  Kittanning  (C)  coal,  the  first  above  the  Lower  Kittan- 
ning  (Miller  or  B)  bed,  which  is  the  coal  worked  along  Blacklick 
Creek,  occurs  at  an  interval  above  it  of  about  60  feet.  This  coal  is 
nearer  the  Lower  Kittanning  at  Nanty  Glo,  having  been  reported  only 
34  feet  above  it  near  the  opening  of  the  Ivory  Hill  Mining  Company 
at  that  place.  At  Big  Bend  its  interval  above  the  Lower  Kittanning 
is  about  45  feet. 


Lower  Kittanning  (B  or  Miller)  coal 5 
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There  is  still  another  coal  at  the  top  of  the  section  deserving 
attention.  At  Vintondale  a  gully  was  dug  up  the  hill  from  railroad 
level  where  the  Lower  Kittanning  coal  outcrops.  The  section  given 
above^  except  the  part  between  the  Lower  and  Middle  Kittanning 
coals,  was  measured  in  this  gully.  The  top  coal  was  observed  by 
hand  level  to  be  108  feet  above  the  intermediate  (Middle  Kittanning 
or  C)  coal,  and  the  interval  between  the  Lower  and  Middle  Kittan- 
ning beds  was  found  to  be  46i  feet.  Thus  from  the  top  coal  to  the 
Lower  Kittanning  (B)  be<l  the  distance  is  about  164  feet.  At  Nanty 
Glo  a  workable  coal  (probably  the  Lower  Freeport  or  D  coal)  was 
observed  by  hand-level  measurement  to  occur  160  feet  above  the 
Lower  Kittanning  coal,  and  at  Twin  Rocks  a  coal  was  reported  at 
almost  exactly  the  same  interval  by  the  engineer  of  the  Big  Bend 
collieries.  At  Wehrum  certain  of  the  diamond-drill  records  show  a 
coal  about  the  same  interval  above  the  Ijower  Kittanning  coal.  So 
far  as  the  writers  are  aware,  this  is  the  highest  coal  of  any  impor- 
tance in  the  Blacklick  Creek  district.  About  50  feet  above  it  occurs 
an  unworkable  small  coal,  which  is  regarded  as  the  equivalent  of 
the  Upper  Freeport  or  E  bed.  The  highest  workable  coal  along 
Blacklick  Creek  will  therefore  be  regarded  tentatively  as  the  Lower 
Freeport  (D)  coal. 

The  nomenclature  of  the  coals  discovered  in  the  Blacklick  Creek 
district  and  the  intervals  between  them  have  been  graphically  given 
by  D'Invilliers.*  He  places  the  first  coal  above  the  Lower  Kittanning 
(B)  at  60  feet  above  it,  but  the  hand-leveled  sections  at  Vintondale, 
as  well  as  measurements  made  at  Twin  Rocks  and  reports  from 
authorities  at  Nantv  Glo,  make  this  coal  at  least  15  feet  lower,  and 
instead  of  lettering  it  C,  as  D'lnvilliers  has  done,  the  writers  prefer 
to  regard  it  as  the  C  coal  and  the  representative  of  the  Middle  and 
not  the  Ui>per  Kittanning  bed.  Further,  D'InvilUers  places  the 
next  higher  coal  at  120  feet  above  the  Lower  Kittanning  (B)  and  the 
next  at  approximately  60  feet  higher.  This  bed,  which  he  denotes 
as  the  E  with  a  question,  he  describes  as  a  '^good  bed,  thinning 
westward  to  about  3  feet."  It  is  believed  that  this  is  the  coal 
measured  at  Nanty  Glo,  at  Twin  Rocks,  near  Rexis,  and  on  Mardis 
Rim,  though  the  interv^al  obtained  (150  to  160  feet  above  the  liower 
Kittanning  bed)  falls  short  by  at  least  20  feet  of  the  interval  platted 
by  D'lnvilliers. 

ALLEQHENT  COALS. 
LOWER   FREEPORT    (l))   COAL. 

Name  and  position. — Some  question  arises  as  to  whether  the 
highest  worka])le  coal  in  the  Allegheny  formation  is  the  Upper  or 
Lower  Freeport.  It  is  quite  certain  that  the  full  complement  of 
coals  in  the  formation  is  not  develo])ed  along  Blacklick  Creek,  at 

rt  Summary  Final  Kept.  Geol.  Survey  Pennsylvania,  1895,  pi.  415,  p.  2222. 
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least  not  as  clearly  as  in  the  Johnstown  Basin.  Only  three  workable 
coals  in  the  Allegheny  (above  and  including  the  B  bed)  were  deter- 
mined with  any  certainty,  and,  though  more  may  be  present,  they 
must  be  small  and  hence  of  no  value  except  for  stratigraplric  purposes. 

The  position  of  the  highest  workable  coal  is  very  definitely  fixed. 
At  Nanty  Glo  it  is  just  150  feet  by  hand  level  above  the  Lower  Kittan- 
ning  (B)  bed.  On  the  Selderville  road,  between  Nanty  Glo  and  Twin 
Rocks,  the  interval,  measured  by  barometer,  is  1 58  feet ;  at  Vintondale, 
by  hand  level,  it  was  made  164  feet;  and,  as  stated  by  the  engineer 
of  the  Big  Bend  collieries,  the  interval  at  Big  Bend  is  about  150  feet. 
There  is  a  question  as  to  whether  this  coal  is  the  Upper  Freeport  or 
the  Lower  Freeport,  and  this  question  the  writers  are  unable  to  settle 
definitely.  Objection  should  not  be  made  to  its  being  considered  as 
the  Upper  Freeport  on  the  basis  of  its  small  interval  above  the  Lower 
Kittanning  coal,  as  this  interval  is  even  less  than  150  feet  at  New 
Germany.  In  this  report,  however,  it  will  be  regarded  as  the  Lower 
Freeport  coal. 

Extent  and  development. — ^The  Lower  Freeport  (D)  coal  has  been 
opened  by  the  Ivory  Hill  Coal  Mining  Company  east  of  Nanty  Glo 
and  on  the  side  of  the  hill  just  west  of  the  No.  14  colliery  o^  the 
Pennsylvania,  Beech  Creek,  and  Eastern  Coal  Company.  It  has 
been  prospected  and  its  position  and  character  are  well  known  at 
Twin  Rocks  and  to  the  northeast,  opposite  No.  2  colliery  of  the  Big 
Bend  Coal  Mining  Company.  About  Vintondale  it  has  been  pros- 
pected and  its  character  is  known,  as  a  section  of  the  coal  near 
Rexis  was  measured  by  Mr.  Martin.  Oi^  Mardis  Run,  just  off  the 
northwest  comer  of  the  Johnstown  quadrangle,  the  coal  is  opened 
and  a  section  was  measured.  At  present  it  is  not  a  commercial  factor 
in  the  Blacklick  Creek  district,  but  it  can  be  classed  among  the  future 
commercial  coals  of  this  district. 

Occurrence  and  physical  character. — Figure  14  shows  the  mode  of 
occurrence  of  the  Lower  Freeport  coal.     It  generally  consists  of  two 


FioURK  14.— Sections  of  the  Lower  Freeport  (D)  coal  along  Blacklick  Creek.    Scale,  1  inch  -  5  feet. 

1,  Mardis  Run  near  northwest  edge  of  Johnstown  quadrangle;  2,  Blacklick  Creek  near  Rexis;  3,  road 
south  of  Twin  Rocks;  4,  Twin  Rocks;  5,  Ivory  Illll  Coal  Mining  Company,  Nanty  Glo. 

or  three  benches  separated  by  thin  bone  partings,  the  coal  aggre- 
gating from  3  to  3^  feet  in  tliickness.     At  Vintondale,  Twin  Rocks, 

09516*— Bull.  447—11 6 
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and  Nanty  Glo  the  upper  bench  varies  from  IJ  to  nearly  2  feet  in 
thickness,  and  the  lower  bench  averages  about  15  inches,  with  some 
few  inches  of  bone  beneath.  At  Twin  Rocks  this  is  underlain  by  a  few 
inches  of  coal.  On  Mardis  Run  the  coal  is  more  broken,  consisting 
of  three  benches,  each  about  a  foot  thick.  The  roof  is  usually  shale 
and  the  coal  is  underlain  by  clay.  The  presence  of  the  parting  in 
this  coal  has  been  a  drawback  to  operations  on  it,  but  it  is  quite  prob- 
able that  it  will  yet  be  worked;  in  fact,  it  was  worked  during  the  hard- 
coal  famine  of  1902-3  and  gave  satisfaction.  If  proper  care  is  exer- 
cised in  separating  the  bony  parting,  it  should  be  readily  marketed. 
The  resemblance  of  the  sections  to  those  of  the  Upper  Freeport  coal 
near  South  Fork  is  marked. 

MIDDLE   KITTANNINO   COAL. 

A  little  more  than  100  feet  below  the  Upper  Freeport  coal  and  from 
35  to  45  feet  above  the  main  coal  of  the  Blacklick  district  (Lower 
Kittanning  or  Miller  bed)  occurs  a  coal  which  is  persistent  along  South 
Branch  of  Blacklick  Creek.  It  has  been  observed  at  Twin  Rocks, 
Nanty  Glo,  and  Vintondale,  and  its  interval  with  respect  to  the  main 
Blacklick  coal  has  been  measured  at  the  two  last-named  places.  It 
has  been  called  the  Middle  Kittanning  coal  because  it  is  the  first  coal 
above  the  Lower  Kittanning  bed.  At  Vintondale  the  following  sec- 
tion was  measured : 

-  Section  of  Middle  Kittanning  coal  at  Vintondale. 

Shale  roof.  ^  Ft.  in. 

Coal : 2  3 

Clay 1 

Coal 6i 

Clav. 

The  coal  here  lias  a  thickness  of  33  i  inches  and  is  therefore  workable. 
Owing  to  its  persistence,  it  may  be  regarded  as  among  the  coals  that 
will  in  the  future  be  worked  in  this  region,  though  it  may  ])e  some  time 
before  it  will  be  necessary  to  draw  on  this  coal  as  a  source  of  supply. 

LOWER    KITTANNING    (b)    COAL. 

Name  and  pos^ltion. — The  main  coal  of  the  Blacklick  district  is  con- 
sidered the  Lower  Kittanning  (Miller  or  B)  coal  and  corresponds  to 
this  coal  about  wSouth  Fork.  Some  question  has  been  raised  as  to  this 
correlation  and  the  coal  has  been  regarded  as  the  equivalent  of  the 
Up])er  Kittanning  or  C'coal.  The  objections  to  the  latter  view  have 
been  summed  up  by  D'lnvilliers^  in  the  following  words,  with  which 
the  writers  are  in  full  agreement. 

The  whole  character  of  the  "Hlacklick  seam"  is  totally  unlike  the  appearance  of 
the  Kit  tanning  upper  bed(CO  as  exposed  anywhere  in  Clearfield,  Cambria,  or  Somerset 
counties.     On  the  other  hand,  its  double  structure,  columnar  cleavai::(%  partings,  roof 

a  Summary  Final  Rept.  Geol.  Survey  Pemisylvania,  1895,  p.  222"2. 
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and  floor,  and  excellent  chemical  character  moet  strongly  resemble  the  features  of  the 
Kittanning  lower  bed  (B  or  Miller  seam),  all  through  southern  Cambria  and  especially 
in  the  Paint  and  Shade  Creek  valleys  of  Somerset  County.  *  *  *  At  no  place  in 
the  Blacklick  region  has  the  cement  bed  been  noticed  beneath  this  coal,  which  would 
identify  it  os  bed  C. 

Extent  and  development. — ^This  coal  is  often  referred  to  as  the  Black- 
lick  Creek  seam.  It  appears  above  drainage  level  just  east  of  Nanty 
Glo,  on  South  Branch  of  Blacklick  Creek,  where  it  has  been  opened  by 
the  Ivory  Hill  Coal  Mining  Company.  In  the  southern  part  of  Nanty 
Glo  are  two  important  mines  on  this  coal — the  Pennsylvania,  Beech 
Creek,  and  Eastern  Coal  Company's  colliery  No.  14  and  that  of  the 
Nanty  Glo  Coal  Mining  Company.  Some  distance  north  of  the  town 
is  the  mine  of  the  Lincoln  Coal  Company,  and  still  farther  north,  near 
the  edge  of  the  quadrangle,  is  the  opening  of  the  Cardiff  Coal  Company. 
The  next  mining  center  to  the  west  is  Twin  Rocks  or  Expedit  post- 
oflSce,  near  which  are  located  collieries  Nos.  1  and  2  of  the  Big  Bend 
Coal  Mining  Company  and  colliery  No.  3  of  the  Commercial  Coal 
Mining  Company.  Colliery  No.  4  of  the  latter  company  is  located 
about  4  miles  farther  west,  at  a  little  settlement  called  Webcgr.  The 
Vinton  Colliery  Company  controls  the  workings  on  this  bed  about 
Vintondale.  Four  out  of  its  five  collieries  were  active  in  the  summer 
of  1906  and  colliery  No.  6  was  just  being  opened.  The  coal  goes  below 
drainage  level  in  the  town  and  the  operations  to  the  west  at  Wehrum 
are  conducted  by  shafting  for  the  coal  to  a  depth  of  187  feet.  On  the 
west  side  of  the  Bamesboro  or  Westover  Basin  the  bed  appears  above 
drainage  level  just  at  the  edge  of  the  quadrangle  and  has  been  worked 
in  a  small  way  by  H.  R.  Dill  about  a  mile  northwest  of  Dilltown.  The 
development  of  this  coal  along  BlackUck  Creek  is  of  recent  date,  and 
the  production  of  this  district,  which  was  only  5,000  tons  in  1894,  had 
increased  in  1905  to  1,045,802  tons,  valued  at  $1,019,617. 

Chemical  character. — ^The  composition  of  this  coal  is  indicated  by 
analyses  17  to  27  (pp.  40-41).  This  exceptionally  complete  series  of 
analyses  shows  that  the  Lower  Kittanning  (Miller)  coal  has  much  the 
same  character  along  Blacklick  Creek  as  at  Johnstown  and  South  Fork. 
The  moisture  in  the  coal  is  low,  in  no  sample  exceeding  4  per  cent. 
The  volatile  matter  is  likewise  low  and  remarkably  uniform,  ranging 
from  more  than  17  per  cent  to  less  than  19  per  cent.  Fixed  carbon 
ranges  from  67  to  73  per  cent — a  slight  range  considering  that  the 
samples  were  obtained  by  three  individuals  from  scattered  mines. 
Ash  is  on  the  whole  low,  but  sulphur  is  rather  higli,  in  one  sample 
exceeding  4i  per  cent.  As  a  whole,  however,  the  figures  all  point  to  a 
high-grade  coal. 

Steaming  tests. — Steaming  tests  have  been  made  on  Lower  Kittan- 
ning coal  collected  at  Wehrum  by  the  United  States  Geological 
Survey.*     The  analyses  on  the  samples  used  are  as  follows: 

•SuU*  U.  8.  QeoL  Survey  No.  332, 1908,  pp.  201-202. 
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Chemical  analyses  of  Lower  Kittanning  coals  from  Wehrum.^ 


ICoisture 

Volatile  matter. 
Fixed  carbon... 

/Ash 

\Sulpbur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash 

Sulphur 


Test  472. 

Test  473. 

1.88 

2.45 

17.60 

17.55 

eo.06 

70.56 

11.46 

9.44 

5.37 

3.87 

4.13 

4.31 

75.63 

78.83 

1.15 

1.21 

1.94 

2.00 

11.68 

9.68 

5.47 

3.97 

Test  467. 


3.90 

23.35 

(V4.65 

8.10 

3.11 

4.35 

78.71 

1.09 

4.18 

8.43 

3.24 


o  Proximate  analysis  of  luel  as  flred;  ultimate  analysis  of  dry  fuel  figured  from  car  sample.    (See  analyses 
10  and  11,  pp.  40-41.) 

The  results  of  the  steaming  tests  are  as  follows: 

Steaming  tests  on  Lower  Kittanning  coal  from  Wehrum. 


— • — 

Size  as  used: 

Over  1  inch per  cent. 

i  inch  to  1  inch do. . . 

I  inch  to  i  Inch do. . . 

under  J  inch do. . . 

Average  diameter Inch. 

Duration  of  test hours. 

Heating  value  of  fuel B.  t.  u.  per  pound  of  dry  fuel. 

Force  of  draft: 

Under  stack  damper Inch  of  water. 

Above  fire do... 

Furnace  temperature 'F. 

Dry  fuel  used  j>er  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per 

hour pounds. 

Percentage  of  nited  horsepower  of  boiler  developed 

Water  apparently  evaporated  j>er  pound  of  fuel  as  fired pounds. 

Water  cvaporateti  from  and  at  212    F.: 

Per  pound  of  fuel  as  fired do. . . 

Per  pound  of  dry  fuel do. . . 

Per  pound  of  combustible do. . . 

EfTiclency  of  boiler,  including  grate per  cent. 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  fuel: 

Per  indicated  horsepower  hour do. . . 

Per  elci'tricai  horsepower  hour do. . . 


a  Run  of  mine. 


Test  4r)7  made  on  Kenfrow  briquets  from  briquetting  test  176  (p. 
87),  which  burned  freely  with  short  flame,  5.4  per  cent  black  smoke, 
and  very  hot  lire;  briquets  coking  well  and  throw^ing  off  fragments  of 
coke  in  ash  during  combustion;  39  per  cent  clinker,  thin,  metallic, 
red  and  black,  brittle  w^hen  cold;  ash  of  dark-gray  color,  looked  like 
coke. 

The  figures  givmg  the  pounds  of  water  evaporated  from  and  at  a 
temperature  of  212°  F.  per  pound  of  dry  fuel  used  represent  the 
value  of  the  coal  for  steaming.  The  first  two  tests  give  8.93  and 
9.45,  or  an  average  of  9.19,  which  compares  very  well  with  10.545, 
the  figure  for  the  first-class  steaming  coal  from  Fayette,  W.  Va.     (See 
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p.  37.)  The  figure  for  test  467  (10.04)  represents  the  steaming  value 
of  briquets  and  strictly  speaking  should  not  be  used  in  making  com- 
parisons with  the  results  obtained  from  the  raw  coal. 

Coking  tests, — ^The  results  of  the  coking  tests  made  on  this  coal  are 
given  below.  ** 

Coking  tests  on  Lower  KiUanning  coal  from  Wehrum. 

[Run  of  mine,  washed.] 


SlM  as  iiaed . 


Duration  of  test hours. 

Coal  chanted pounds. 


Coke  produced fcr^nt:: 

Bree»  produced {^f^^-; 

Total  yield do 


Test  185. 


Finely 

crushed. 

61 

9,750 

5,779 

59.27 

2G2 

2.09 

61.96 


Test  188. 


Run  of 

mine. 

'    54 

12,460 

8,144 

65.36 

332 

2.66 

68.02 


Analyses  of  coal  and  coke. 


• 

Test  185. 

Test  188. 

Coal. 

Coke. 

Coal. 

Coke. 

Moisture 

7.19 

17.86 

69.57 

&38 

1.63 

0.56 

.32 

91.10 

8.02 

1.46 

4.53 

1&56 

7a  63 

&28 

1.85 

a  57 

Volatile  matter 

.55 

Fixed  carbon 

9a  23 

Ash ,-   -.     .   , ,                   - -  -  -  -  - 

8.65 

Sulphur -' 

1.54 

\ 

The  coke  resulting  from  the  first  test  was  of  a  dull-gray  color, 
soft  and  dense,  with  high  sulphur.  The  second  test,  with  run-of- 
mine  coal,  produced  a  light-gray  silvery  coke,  much  better  than  the 
coke  from  the  finely  ground  coal.  In  the  coke  from  the  second 
test,  also,  the  sulphur  is  high.  The  yield  in  the  second  test  was  much 
better  than  that  in  the  first.  The  coal  mined  at  Nanty  Glo  from  this 
bed  has  been  tested  in  beehive  ovens  at  Gallitzin.  It  produced 
coke  of  good  structure  but  of  dull  appearance.  As  in  the  Wehrum 
samples,  an  insufficient  amount  of  sulphur  was  volatilized.  The 
Lackawanna  Coal  and  Coke  Company  has  experimented  with  its  coal 
about  Wehrum,  but  the  washeries  have  long  been  closed  and  the 
results  of  the  coking  tests  could  not  be  learned.  The  Vinton  Colliery 
Company  has  recently  built  a  large  by-product  plant  at  Vintondale 
and  a  large  part  of  the  coal  mined  from  colliery  No.  6  in  1907  was 
coked  in  it. 


a  Bull.  U.  8.  Oeol.  Survey  No.  332, 1908,  p.  203. 
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Producer-gas  test. — The  following  producei^gas  test  was  made 

Produeer-^as  test  on  Lotver  KiUanning  eoal/wm  WehrumJ^ 


Qtal  contunud  in  producer  per  konepower  per  kovr. 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 

EquiviUmt  iMftf  fry  producer  plant. 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Coal  as 
flred. 


I 
Dryooal.  Com^ 


Pounda. 
L29 
L24 

1.10 
1.05 


1.43 
1.37 

1.22 
1.17 


Pounda. 
1.26 
1.21 

1.07 
1.03 


1.39 
1.34 

L18 
L14 


Pounda. 

1.12 
1.08 

.96 
.92 


1.25 
1-20 

1.06 
LQ2 


a  Lump  coa/.— Size  as  used:  Over  1  Inch,  7  per  cent; )  Inch  to  1  Inch,  14  per  cent;  \  Inch  to}  Inch,  18  per 
cent ;  under  [  inch ,  til  per  cent.  Duration  of  test,  24  hours.  Average  electrical  horsepower,  191^.  Average 
B.  t.  u.  per  cubic  foot  of  gas,  144.4.    Total  coal  fired,  5,700  pounds. 

Analysis  of  gas  by  volume.^* 

Carbon  dioxide  (COj) 10. 7 

Carbon  monoxide  (CO) 17. 2 

Hydrogen  (II2) 15. 8 

Methane  (CH4) 2. 2 

Nitrogen  (Nj) 53. 8 

Ethylene  (C2H4) 3 

Washing  tests. — Washing  tests  were  made  as  follows.  The  figures 
indicate  that  finer  crushing  is  advantageous.  The  loss  of  *'good 
coal ''  (by  which  is  meant  all  coal  of  a  quality  equal  to  or  better  than 
that  of  the  washed  coal)  in  the  refuse  will  not  exceed  2  per  cent. 

Float  and  sink  tests  of  Lower  Kittanning  coal  from  Wekrum, 


Size 

used 

(Inch). 

Specific 

Rravitv  of 

solution 

used. 

Percentage 
of  float. 

Sink 

(per 

cent). 

Analysis. 

Number  of  test. 

To 
refuse. 

To 

total 

sample. 

Ash. 

Sulphur. 

Per 
cent. 

I^er 

mat 

redjio- 

Per 
cent. 

Per 

cent 

reduc- 

Uon. 

On  raw  coal  (preliminary): 

I 

1 ' 

1.35 
1.41 
1.45 
1.52 

1.35 
1.41 
1.46 
1.51 

....... 

72 

.    78 
80     ' 
81 

2.95 

aso 
ati4 

4.30 

28 
22 
!» 
19 

5.47 
i.27 
5.54 
6.26 

4.95 
6.50 
7.  05 
&15 

44 

46 
43 
36 

1.30 
1.45 
1.54 
1.71 

1.71 
Z13 
2.29 
2.88 

66 

2 

62 

3 

11.80 
13.20 
14  50 
17.20 

59 

4 

£5 

On  refuse  (Moat) -.6 

1 

2 

3 

4 

o  For  analyses  of  fuel  used  see  analyses  27,  p.  41. 

b  Duration  of  test,  2  hours.  Sisn  as  used,  through  1-Inch  screen.  Jig  used,  special;  speed,  70  revolatlolis 
per  minute;  stroke,  2\  inches.  Raw  coal,  20.37  tons;  washed  coal,  15.25  tons,  or  75  per  cent;  refuse,  5.12 
ions,  or  25  per  cent. 
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Analyses, 


Sample  tested. 

Moist- 
ure. 

Ash. 

Sulphur. 

Per 
cent. 

Per 
cent 
reduc- 
tion. 

Per 
cent. 

Per 
cent 
reduc- 
tion. 

Ra'v  coal,  car  sample 

a  13 
6.45 
&78 

a  81 

5.38 

47.18 

45" 

a  77 

1.53 

19.78 

• 

Washe<l  coal 

59 

Refuse 

Briquetting  tests. — Two  briquetting  tests  were  made  of  the  coal. 
Test  176,  with  7  per  cent  binder  (water-gas  pitch),  gave  satisfactory 
briquets,  which  were  tough  and  easily  handled  without  breaking 
when  warm,  but  which  were  brittle  when  cold;  they  broke  with 
characteristic  smooth,  glossy  fracture,  hard  surface,  and  sharp  edges. 
In  test  184  the  Wehrum  coal  was  mixed  with  an  approximately 
equal  portion  of  anthracite  graphitic  coal  from  Cranston,  near  Provi- 
dence, R.  I.  From  this  mixture  excellent  briquets  were  made  with 
6.25  per  cent  binder  on  the  Renfrow  (American)  machine.  Although 
the  pitch  used  had  a  low  melting  point,  the  briquets  handled  well 
from  the  machine  and  piled  without  stocking.  The  outer  surface 
was  very  hard  and  smooth  and  broke  without  crumbling,  giving  a 
smooth  fracture  and  sharp  edges. 

Briquetting  tests  of  coal  from  Wehrum. 
[Water-gas  pitch  binder.] 


Details  of  manufacture: 

Machine  used 

Temperature  of  briquets. .  "F. . 

Bincier— 

Laboratory  No 

Amount percent.. 

Weight  of— 

Fuel  briquetted .  .pounds. . 
Briquets,  average. .  .do 

Heat  value  per  pound- 
Fuel  as  received.. B.  t.  u.. 

Fuel  as  fired do 

Binder do 

Drop  test  (1-inch  screen): 

lleld percent.. 

Paswd do 


Test 
176.0 


Renf. 
185 

4553 
7 

8,000 
0.420 


Test 
184.6 


Renf. 
185 

4543 
6.25 

10,000 
0.5 


,3  710/ '•13,712 


13.702 
16,960 

50.5 
48.5 


12,793 
16,966 

6a5 
31.5 


Tumbler  test  (1-inch  screen): 

Held per  cent. . 

Passed  (fines) do 

Fines  through  10-mesh  sieve 

percent.. 

Weathering  test: 

Time  exposed days. . 

Condition 

Water  absorption: 

In  19  days percent.. 

In  16  days... do 

Average  for  first— 

4  days do 

5  days do 

Specific  gravity  (apparent) 


Test 
170. 


70.5 
29.5 

85.0 

53 
e  A 

22.0 


4.05 


Test 
184. 


93.0 
7.0 

91.4 

11 
«A 


13.3 


1.90 
1.276 


a  Size  BA  used:  Over  \  inch,  2.2  per  cent;  ^  inch  to  i  inch,  6  per  cent;  ^o  inch  to  ^  inch,  12  percent; 
^  inch  to  ^  inch,  19  per  cent;  through  ^  inch,  60.8  per  cent. 

6 Size  as  used:  Over  i  inch,  0.8  per  cent;  ^  inch  to  \  inch,  7  per  cent;  ^  inch  to  ^  inch,  15  percent; 
A  inch  to  ^  inch.  22.2  per  cent;  through  ^  inch,  55  per  cent. 

e  Coal  from  Wehrum,  Pa. 

dQoaX  from  Cranston,  R.  I. 

« A— briquets  In  practically  same  condition  as  when  put  out.    Surface  shows  no  signs  of  erosion  or 

Sitting.    Briquets  hard  with  sharp  edges  and  fracture  same  as  that  of  new  briquets.    See  Bull.  U.  S. 
eol.  Survey  No.  332, 1908,  p.  43. 
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Eztraclioii  analyses. 


Pitch. 


Laboratory  No 4543 

Air-dryine  loss per  cent 

Extracted  by  CSs:  i 

Air-dried do...  J 

As  received <lo I    99.  «(> 

Pitch  in  briquets,  as  received do 


Fuel. 


Penn- 
syl- 
vania 
coal. 


Rhode 

Island 

coal. 


4104 
2.10 

.79 

.77 


3141 
3.40 

.08 
.02 


Briquets. 


Test 
170. 


2.80 

5.80 
6l72 
5l02 


Test 
184. 


4913 

ao3 

a27 
(V.25 
5.91 


Occurrence  and  physical  character. — In  its  mode  of  occurrence  the 
Lower  Kittanning  bed  on  Blacklick  Creek  strongly  resembles  in  its 
main  features  the  same  coal  in  the  districts  along  Conemaugh  River. 
(See  fig.  15.)  The  coal  is  made  up  of  a  bench  from  3  J  to  4  feet  thick 
and  of  either  one  or  two  lower  benches.  In  a  few  places  both 
lower  benches  are  missing  (see  sections  2,  5,  and  6) ;  the  absence  of 
both  lower  benches  is,  however,  only  local,  for  in  the  same  mine  the 
upper  of  the  two  has  been  observed  at  one  place  but  has  disappeared  a 
short  distance  awav.  The  lowest  bench  was  not  observed  about  South 
Fork  or  Johnstown  but  is  persistent  along  Blacklick  Creek.  Here 
and  there  the  main  bench  is  underlain  br  bone.  Tlie  middle  bench  is 
thin,  averaging  not  more  than  4  or  5  inches.  The  lower  bench  is  2 
feet  thick  in  places.  The  two  shale  partings  inclosing  tlie  middle 
bench  are  thin,  rarely  excoeding  a  few  inches  in  thickness.  The 
analyses  (see  pp.  41-42)  represent  coal  from  the  main  bench;  that  from 
the  middle  thin  bench  is  reported  good  but  too  thin  to  mine;  and 
that  from  the  lowest  bench  is  high  in  ash  and  sulphur  and  usually 
too  impure  to  ship.  Below  the  lowest  bench  occurs  a  good  deposit 
of  clay,  which  has  never  been  exploited  along  Blacklick  Creek.  The 
roof  of  the  coal  is  either  very  firm  shale  or  sandstone.  The  char- 
acter  of  the  roof,  the  irregularity  of  the  floor,  the  general  absence  of 
clay  veins,  and  the  nongaseous  nature  of  the  coal  are  points  in  which 
it  is  similar  to  the  Lower  Kittanning  (Miller)  bed  in  the  Conemaugh 
Valley.  The  coal  is  bright  and  lustrous,  with  a  marked  tendency  to 
columnar  cleavage. 
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L  Peoiuylvuifa,  D««cb  Crwk  antl  Eastem  Cool  Company  No.  N,  Nantf  Glo 

2.  tttatj  Olo  Coal  UlnliiE  Company  No.  I,  Nutj'  Clo, 

3.  Lincoln  Coal  Compuiy.  Nanty  Glo. 

4.  Ivory  Hill  Coal  Mining  Company,  Manly  Clo. 

i.  Cardiff  Coal  Company,  5  miles  north  of  Naoly  nio. 

&  CouaU7  bank  I)  miles  norlli  of  Naaly  CiD. 

7,S.  CommfirlalCoallflnlDgCompany  No.  3,  1}  mllcseaal  of  Twin  Rockl. 

».  Big  Bend  Coal  If  Inlox  Company.  Nonpareil  No.  I.  Twin  Rocks. 

D.  Big  Bond  Coal  Iflnlng  Company.  Big  Bend  Colliery  No.  2,  Twin  Rocks. 

1.  Vlnun  ColUny  Compai 

2.  Vlalon  Collliry  Company  No. 


m  ColUery  tympany  No. 
llery  Can 


t.  IS.  VInl. 

9.  VlDtoQ  Colliery  Company  No. 

7.  Exponinia  ndlroad  cut  eaito 

i,  IB.  Ltckairaiina  Coal  and  Coke  Company  No.  4, 

).  AmosRver.  Rummel  Run. 

1.  II.  R.  BUI,  I)  miles  Donhvat  of  Bllllown. 


Along  Blacklick  Crpek  other  corIs  arn  knoMii  which  are  below  the 
Lower  Kittanning  bed.  In  the  railntad  cut  near  Twin  Rocks  these 
lower  coals  show,  as  they  do  also  a  short  tlistance  east  of  Weber. 
Just  where  the  spur  track  turns  in  to  the  coilierips  of  the  Big  Bend 
Coal  Company  at  Twin  Rocks  the  following  section  was  measured: 
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Section  o/Brookville  and  Clarion  coah  (f )  near  Big  Bend. 


Ft    in. 
OTarion(AO? 4    2 


Sandstone,  massive. 

Coal,  10  inches 

Parting,  6  inches. . . 
Coal,  1  foot  6  inches 
Parting,  4  inches. . . 

Coal,  1  foot 

Shale,  black 8 

Shale,  sandy 2-3 

Coal  (Brookville  (A)?) 2 

Clay 3-4 

Sandstone,  maasive. 

From  the  massive  sandstones  about  the  place  where  the  section 
was  made  it  is  impossible  to  be  absolutely  sure  that  this  coal  is  in  the 
Allegheny.  The  massive  sandstone  overlying  the  coal  in  the  cut 
may  be  traced  northward  along  the  nose  where  the  river  makes  the 
big  bend  for  some  distance — in  fact,  so  far  as  to  make  it  fairly  certain 
that  it  is  an  Allegheny  sandstone  and  to  corrobor  ats  the  view  that 
the  coal  whose  section  is  given  above  probably  corresponds  to  the 
lowest  coal  or  coals  in  the  Allegheny  fprmation.  One  of  these  lower 
coals  has  been  opened  about  43  feet  above  the  railroad  tracks  just 
back  of  Twin  Rocks  railroad  station,  but  the  bank  is  now  fallen 
shut.  The  coal  was  reported  as  present  only  in  patches  and  was 
known  in  the  locality  as  the  Three-foot  seam  or  Sulphur  vein. 

The  view  that  the  coal  in  the  cut  near  Twin  Rocks  is  in  the  Alle- 
gheny formation  and  at  its  base  is  strengthened  by  observations 
made  on  the  highway  and  along  the  railroad  farther  west,  near 
Weber.  Near  Commercial  No.  4  mine  the  massive  sandstones  may 
be  observed  close  below  the  Lower  Kittanning  (B)  coal,  and  at  an 
estimated  interval  of  71  to  77  feet  below  are  found  two  coals  thought 
to  correspond  with  the  coals  given  in  the  foregoing  section.  These 
are  regarded,  on  stratigraphic  grounds,  as  Allegheny  coals,  and  the 
massive  sandstone  is  believed  to  be  the  Kittanning  sandstone  member. 
This  heavy  sandstone  coming  at  the  base  of  the  Allegheny  makes  it 
difficult  to  conclude  as  to  the  position  of  the  base  of  this  formation, 
especially  where  the  evidence  has  to  be  obtained  at  scattered  points 
in  different  sections.  This  massive  sandstone,  however,  is  known  to 
occur  at  other  places  in  or  near  the  quadrangle  where  the  relations 
are  plain  and  where  there  is  no  doubt  as  to  its  being  in  the  Allegheny — 
for  instance,  south  of  the  quadrangle,  along  Stony  Creek. 

Near  Weber,  as  near  Twin  Rocks,  the  two  coals  occurring  at  the 
base  of  the  Allegheny  are  too  thin  to  be  worked,  each  being  less  than 
a  foot  thick.  The  sections  containing  these  two  coals,  regarded  as 
the  Brookville  (A)  and  the  Clarion  (A')  coals,  are  given  below.  The 
first  section  was  measured  by  Mr.  Martin  and  the  second  and  third 
by  Mr.  Phalen. 
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Sections  of  Broohville  and  Clarion  coals  near  Weber. 

I.  S«etlon  on  both  lidef  of  raUroad  cut. 

Ft.   In. 

Sandstone,  coarse  grained,  thin  and  thick  bedded 19    8 

Sandstone,  with  quartz  crystals  and  iron  ore 7    6 

Coal ,  Clarion  (A"?) 9 

Fire  clay,  blocky,  fine,  sandy,  fossiliferous 2    6 

Sandstone,  fine  grayish 1    9J 

Sandstone,  blue-black,  shaly 7i 

Sandstone,  fine  grained,  grayish , 6 

Shale,  bluish  black,  with  limestone  nodules 4    6 

Coal,  Brookville  (A?) 2i 

Clay,  grayish 4    6+ 

8.  Seetloa  on  north  tide  of  cut. 

Sandstone.  Ft.  in. 

Coal  (bony  in  middle).  Clarion  (A') 9 

Fire  clay,  gravelly,  sandy,  almost  sandstone.     Contains  abun- 
dant organic  impressions  (fossil  imprints),  but  they  are  very  poor.  5 

Shale,  drab  or  dark  gray 4    6 

Coal,  Brookville  (A) If 

Clay 6+ 

8.  Sootloa  on  south  side  of  cat. 

Sandstone.  Ft.  in. 

Coal,  Clarion  ( A') 8-9 

Sandstone,  gnarly,  or  sandy  fire  clay  with  plant  impressions 6    6 

Shale,  dark,  with  concretions 4    9 

Coal,  Brookville  ( A ) 2 

Shales,  dark,  irregularly  bedded,  upper  part  resembling  fire  clay.  4 

The  dip  from  the  south  to  the  north  side  of  the  track  is  marked, 
even  for  so  short  a  distance. 

WINDBER   DISTRICT. 


The  Windber  district  of  this  report  includes  the  territory  about  the 
town  of  Windber,  situated  within  the  Johnstown  quadrangle. 

OEOLOGIC  POSITIGir  OF  THE  COALS. 

AU  the  workable  coals  in  this  district  are  found  in  the  Allegheny 
formation,  which  is  above  drainage  level  in  all  the  hills  surrounding 
Windber  and  Scalp  Level.  Of  these  coals,  only^  the  Lower  Kittan- 
ning  is  now  worked,  but  higher  coals  are  known  to  be  valuable. 

The  usual  main  coals  of  the  Allegheny  formation  are  represented 
in  this  district — that  is,  the  Upper  and  Lower  Freeport  and  the 
Upper,  Middle,  and  Ix)wer  Kittanning  coals.  These  coals  are  also 
fusible  in  the  road  sections  in  the  surrounding  hills.  The  distance 
'between  the  highest  and  lowest  of  the  five  beds  varies  from  180 
feet  to  about  210  feet,  and,  as  usual,  the  Upper  Kittanning  bed 
occurs  about  midway  between.     A  section  of  the  lower  part  of  the 


(Brookville  or  Clarion) 2 
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Allegheny  was  hand  leveled  by  W.  C.  Phalen  at  Scalp  Level,  from 
the  point  where  the  trolley  line  crosses  Paint  Creek.  This  section 
is  as  follows: 

Section  of  lower  Allegheny  rocig  at  Scalp  Levels  Somerset  County,  Pa. 

Sandstone  debris.  Ft  in. 

Coal 10-12 

Clay , 3 

Shale,  sandy 5 

Shale,  blue 15 

Coal 3-4 

Sandstone,  gnarly 1 

Concealed,  but  with  1  foot  of  Lower  Kittanning  coal  showing  at 

top  (railroad  level) 16     '6 

Shale,  black 5 

Shale,  sandy 10 

Shale 5 

Shale,  debris 20 

Coal,  10  inches... 
Shale,  4  inches.. 
Bone,  6  inches... 

Coal,  6  inches 

Concealed 10 

Sandstone,  Pottsville 6+ 

According  to  these  measurements,  the  interval  from  the  top  of 
the  Pottsville  to  the  top  of  the  Lower  Kittanning  (B)  coal  is  about 
70  feet,  and  the  single  coal  which  shows  in  the  section  may  be 
the  equivalent  of  the  Brookville  or  Clarion  beds.  At  Scalp  Level, 
where  Paint  Creek  passes  over  bluffs  of  the  Pottsville  formation, 
D'Invilliers  ^  noted  a  thin  seam  of  coal  14  to  18  inches  thick  out- 
cropping just  above  the  water.  This  bed  was  not  observed  and  may 
possibly  be  the  representative  of  the  other  of  these  lower  coals. 

On  the  assumption  that  the  average  thickness  of  the  Allegheny 
from  the  Lower  Kittanning  bed  to  the  Upper  Freeport,  near  Windber, 
is  180  feet  and  the  inter\'^al  from  the  top  of  the  Pottsville  to  the 
Lower  Kittanning  is  about  75  feet,  the  thickness  of  the  Allegheny  in 
this  district  is  about  250  feet. 

aij:.bghevy  coals. 

UPPER  FREEPORT  COAL. 

The  Upper  Freeport  (E)  coal  is  the  highest  of  the  important  coals 
outcropping  in  the  hills  surrounding  Windber.  It  lies,  according  to 
barometric  measurements,  about  170  to  180  feet  above  the  Lower 
Kittanning  coal,  and  this  interval  remains  fairly  constant  as  far  to  the 
northeast  as  Elton,  where  drillings  show  it  to  be  about  175  feet.  Still 
farther  northeast,  toward  South  Fork  of  Conemaugh  River,  the  inter- 

a  Summary  Final  Rept.  Pennsylvania  Qeol.  Survey,  vol.  3,  pt.  2, 1S95,  p.  2248. 
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val  increases  to  200  feet.  West  of  Stony  Creek,  in  Somerset  County, 
according  to  the  only  available  information,  which  has  been  pro- 
cured from  diamond-drill  records,  the  interval  is  about  200  feet. 

Little  definite  information  was  obtained  as  to  the  thickness  of  the 
Upper  Freeport  coal  in  this  district,  as  no  openings  were  located  on  it. 
The  diamond-drill  records  northeast  of  Windber  all  indicate  that  it  is 
workable,  containing  on  an  average  about  3  feet  of  coal.  It  is  known 
to  be  persistent-^a  fact  which,  in  connection  with  a  thickness  of  3  feet, 
seems  to  place  it  among  the  future  sources  of  supply  in  this  region. 

LOWER  FREEPORT  (d)   COAL. 

The  Lower  Freeport  (D)  coal  is  also  persistent  in  this  district;  but 
little  is  known  about  it  except  from  data  furnished  from  drillings. 
Some  of  the  records  from  points  northeast  of  Windber  show  it  to  be 
in  places  3  feet  thick;  others  show  less  promising  sections.  It  is 
possible  that  this  bed  may  be  valuable  in  the  future;  but  the  data 
obtained  are  insufficient  to  afford  a  basis  for  a  positive  opinion. 

UPPER  KITTANNINO   ((/)  COAL. 

The  Upper  Kittanning  (Cement  or  C)  coal  about  Windber  lies 
practically  midway  between  the  Upper  Freeport  and  Lower  Kit- 
tanning  beds.     This  is  one  of  the  most  valuable  coals  about  Wind- 


FiouBE  16.— Secttons  of  tbe  Upper  Kittanning  (Cement  or  C)  ooal  tn  the  Windber  district.  1,  Balti- 
more and  Ohio  Railroad  south  of  quadrangle;  2,  Stony  Creek  west  of  Ingleslde;  3*  east  of  Walsall;  4, 
head  of  Walsall  Creek.    8oalc,  1  Inch  -  5  feet. 

ber.  Though  it  is  not  worked  on  a  commercial  scale,  something  is 
known  at  least  of  its  physical  character  from  prospects  on  it  in  the 
region  north  of  Windber,  within  the  limits  of  the  Johnstown  quad- 
rangle. In  the  description  of  this  coal  in  the  Johnstown  district  it 
was  stated  that  it  increased  in  thickness  along  Stony  Creek,  south- 
ward from  Moxhom.  As  a  matter  of  fact,  the  unusual  thickness  of  5 
feet  6  inches  prevails  generally  north  of  Windber;  6  feet  has  been 
measured  one-half  mile  north  of  Eureka  No.  37  and  5  feet  5  inches 
1  mile  north  of  the  same  mine.  In  both  places  the  roof  was  black 
shale.     (See  also  fig.  16.) 
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Section  1  in  figure  16  can  not  be  regarded  as  strictly  in  the  Windber 
district,  as  it  is  on  the  west  flank  of  the  Ebensburg  (Viaduct)  axis, 
some  miles  above  the  mouth  of  Paint  Creek.  Sections  2  and  3  are 
taken  from  country  banks  near  Windber.  Section  4  may  possibly 
be  incomplete,  as  two  sections  measured  about  half  a  mile  south  and 
less  than  a  mile  west  show  very  neariy  5  feet  of  coal  in  one  and  more 
than  5  feet  in  the  other. 

Enough  is  known  of  the  coal  in  this  district  to  be  certain  that  it 
is  of  workable  thickness.  It  may  not  average  as  thick  as  the  above 
sections  indicate,  but  an  average  of  4  to  5  feet  in  the  hills  north  of 
Windber  is  probably  a  conservative  estimate.  Its  quality  is  prob- 
ably equal  to  that  of  the  coal  mined  from  this  bed  near  Johnstown. 
(See  p.  40.)  In  places  the  upper  part  of  the  coal  bed  is  bony  and 
will  have  to  be  discarded  in  mining.  The  roof  is  generally  very  firm 
shale. 

MIDDLE   KITTANNINO   COAL. 

The  next  lower  coal,  the  Middle  Kit  tanning  (C),  is  25  to  30  feet 
above  the  Lower  Kittanning  bed.  A  few  of  the  diamond-drill  rec- 
ords to  the  northeast  of  Windber  show  -nearlv  3  feet  of  coal  in  this 
bed.  This  thickness  is  exceptional.  The  coal  may  prove  valuable 
in  this  district,  but  not  enough  is  known  about  it  to  form  a  positive 
opinion. 

LOWER   KITTANNING    COAL. 

Name  and  ^position. — The  Lower  Kittanning  (Miller  or  B)  coal  in 
the  Windber  district  occurs,  as  stated  above,  at  an  interval  of  about 
170  to  200  feet  below  the  Upper  Freeport  coal  along  the  southern 
edge  of  the  quadrangle.  Immediately  about  Windber  the  interval 
is  somewhat  nearer  the  former  than  the  latter  figure.  The  coal  out- 
crops well  down  in  the  hills  about  the  town,  permitting  the  operations 
to  be  conducted  from  the  outcrop  by  drifts. 

Extent  and  development. — The  coal  appears  above  drainage  level 
on  the  eastern  flank  of  the  Ebensburg  (Viaduct)  anticline  where  this 
fold  approaches  the  Wilmore  Basin,  near  the  southern  edge  of  the 
quadrangle,  and  is  present  in  the  hills  along  Paint  Creek  westward  to 
Stony  Creek.  The  coal  is  above  drainage  level  northward  for  some 
distance  on  Stony  Creek,  where  the  dip  to  the  Johnstown  Basin 
carries  it  below  water  level. 

The  operations  on  this  bed  of  coal  in  the  portion  of  the  Windber 
district  in  this  quadrangle  are  but  a  small  part  of  the  coal  industry 
around  Windber.  As  noted  above,  only  two  operations  are  con- 
ducted wholly  within  the  Johnstown  area — namely.  Eureka  Nos.  37 
and  40, 
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Chemical  character, — ^Analyses  Nos.  30  to  32,  pages  41-42,  indicate 
the  composition  of  the  Lower  Kittanning  (Miller)  coal  about  Wind- 
ber.  The  analyses  show  its  carbon  content  to  be  among  the  highest 
in  the  area,  with  a  comparatively  small  amount  of  sulphur  and  ash. 

Occurrence  and  physical  character, — The  sections  in  figure  17 
illustrate  the  general  section  of  the  coal  in  the  Windber  district. 
The  first  two  are  the  more  representative,  as  they  are  more  complete, 
showing  the  under  coal  characteristic  of  the  Lower  Kittanning  (Miller) 
bed. 

The  main  bench  averages  between  3  J  and  4  feet  of  coal.  A  small 
rider,  averaging  3  to  4  inches  in  thickness  but  varying  from  1  to  14 
inches,  occurs  from  3i  to  4  feet  above  the  top  of  the  main  bench;  it 
is  noted  in  the  Scalp  Level  section  given  on  page  92.  There  is  also 
usually  present  an  under  coal  lying  from  3  inches  to  2  feet  below  the 


FiouKE  17.— Sections  of  the  Lower  Kittanning  (Miller  or  B)  coal  in  the  Windber  district.  1.  Baltlmon 
and  Ohio  Railroad  south  of  quadrangle;  2,  Berwind-WUte  Coal  Mining  Company,  Eureka  No.  37, 
Windber;  3,  near  south  edge  of  quadrangle;  4.  near  Walsall.    Scale.  1  inch  —  5  feet. 

main  l>ench.    This  under  coal  ranges  from  3  to  18  inches  in  thickness 
and  may  be  ver>'  regular. 

The  roof  is  excellent  and  is  either  sandstone  or  sandy  shale.  It 
requires  little  or  no  timbering  except  where  broken  through.  The 
partings  in  the  coal  are  the  usual  "sulphur ^^  lentils  or  balls,  which 
are  easily  separated  from  the  coal.  Rolls  are  numerous  and  here  and 
there  the  coal  is  completely  pinched  out.  In  places  the  slickensided 
surfaces  associated  with  thin  coal  indicate  movement  akin  to  true 
faulting.  The  under  clay  is  not  worked  in  any  of  the  mines,  so  far  as 
known.  The  coal  in  the  main  bench  is  of  the  lustrous  columnar 
variety. 

LOWER  ALLEGHENY   COALS. 

Though  lower  coals  occur  about  Windber,  they  are  too  thin  to  be 
worked  so  far  as  known.  Section  showing  the  relations  of  these  lower 
Allegheny  coals  are  given  on  page  24. 
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CONEMAUOH   FURNACE   DISTRICT. 


Along  the  west  edge  of  the  quadrangle,  in  the  valley  of  Conemaugh 
River,  the  lower  part  of  the  Allegheny  is  brought  down  to  drainage 
level  by  the  steep  dips  along  the  western  flank  of  the  Laurel  Ridge 
anticline.  As  the  Allegheny  or  coal-bearing  formation  outcrops  only 
along  the  river,  the  active  mines  are  confined  to  the  immediate  river 
valley,  and  the  district  is  small.  Within  the  Johnstown  area  there 
are  but  two  active  mines — that  of  the  Johnstown  Coal  Company  and 
that  of  the  Nineveh  Coal  Company.  Both  these  concerns  are  working 
on  the  Lower  Kittanning  (Miller)  bed.  The  dips  carry  this  coal 
below  drainage  level  just  beyond  the  confines  of  the  quadrangle,  and 
farther  west,  in  the  town  of  Seward,  it  lies  at  a  depth  of  130  feet,  as 
shown  by  the  shaft  of  the  Seward  Coal  Company. 

aij:.bohevy  coals. 

UPPER  COALS. 

But  little  definite  information  can  be  given  regarding  the  three 
highest  coals  in  the  Allegheny  formation  in  this  part  of  the  quad- 
rangle, for  the  reason  that  they  have  not  been  worked  even  on  a 
small  scale  and  few  openings  on  them  were  foimd.  It  is  known, 
however,  that  they  are  present  in  the  hills  north  of  Conemaugh 
River,  outcropping  along  Trout  Rim,  on  which  the  Upper  Freeport 
bloom  was  discovered.  At  this  place  a  small  opening,  believed  to  b© 
on  the  Upper  Kittanning  coal,  showed  the  following  section: 

Section  of  Upper  Kittanning  coal  on  Trout  Run. 

Massive  shale  roof.  Ft  in. 

Coal 1 

Bony 4 

Coal : 2  31+ 

The  Middle  Kittanning  is  fairly  persistent  in  this  district  and  occurs 
about  40  feet  above  the  Lower  Kittanning  (Miller)  bed.  Near  Cramer 
this  bed  measured  as  follows: 

Section  of  Middle  Kittanning  (C)  coal  near  CroTner. 

Ft.  In, 

Shale 6 

Coal 1  8 

Bony 2 

Coal 11 

Clay. 

About  Seward  tliis  coal  measures  2  feet  6  inches.  At  Seward  also 
the  Lower  Freeport  (D)  coal  is  reported  as  being  about  2  feet  thick, 
capped  by  8  to  12  feet  of  shales  mixed  with  sandstone  slabs  and 
underlain  by  7  feet  of  bluish  massive  shales.  The  overlying  shales 
are  used  in  the  manufacture  of  red  building  brick. 


CONEMAUOH  FTTBKACB  DISTBICT. 


97 


LOWSB  KHTANNINO  (b)  COAL. 

ExterU  and  development. — ^The  only  coal  of  commercial  importance 
around  Conemaugh  Furnace  at  present  is  the  Lower  Eittanning 
(Miller)  bed,  and,  as  stated  aboye,  there  are  but  two  mines  at  which 
this  coal  is  worked — that  of  the  Johnstown  Coal  Company,  on  the 
north  side  of  Conemaugh  River,  and  that  of  the  Nineveh  Coal  Com- 
pany, on  the  south  side  of  the  river  and  on  the  main  line  of  the 
Pennsylvania  Railroad.  The  coal  here  lies  about  65  to  70  feet 
above  the  top  of  the  Pottsville  formation.  Farther  west  the  coal 
goes  below  drainage  level  and  is  mined  by  shaft  near  Seward  by  the 
Seward  Coal  Company. 

Chemical  character. — ^A  sample  carload  of  coal  from  this  bed,  col- 
lected and  shipped  by  J.  W.  Groves,  of  the  United  States  Geological 
Survey,  from  a  point  on  the  Pennsylvania  Railroad  1}  miles  east  of 
Sewanl,  Westmoreland  County,  has  been  subjected  to  steaming,  wash- 
ing, coking,  and  briquetting  tests,^  so  that  the  character  and  behavior 
of  the  coal  in  this  part  of  the  quadrangle  are  known.  Two  mine  sam- 
ples were  also  collected  for  chemical  analysis.  The  results  of  the 
chemical  analyses  are  given  on  pages  41-42  (Nos.  33-35)  and  below: 

Chemioal  analyiea  of  Lower  KtUanning  coal  from  Conemaugh  Furnace  district. 


Laboratory  number. 
Proximate: 

Moisture 

Volatile  matter.. 

Fixed  carbon.... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash 

Sulphur 


Steaming 
te8to.a 


612. 


4736 

3.60 

19.98 

67.71 

&81 

1.60 

4.39 
81.06 
1.06 
2.72 
9.13 
1.64 


514. 


4713 

2.79 

21.11 

67.79 

&31 

1.91 

4.42 
80.25 
1.09 
3.73 
&55 
1.96 


Briquetting 
te8ts.» 


196. 


4709 

6.16 
19.23 
64.38 
10.23 

2.68 

4.20 
78.12 

1.09 

2.83 
10.90 

2.86 


213. 


4885 

1.23 
2a  68 
67.74 
ia45 

2.96 

4.66 
79.21 

1.12 

1.51 
ia58 

3.02 


a  Proximate  analysis  of  ftiel  as  fired;  ultimate  analysis  of  dry  fbel  figured  from  car  sample. 
»  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 

Only  the  proximate  analyses  are  of  interest  in  this  connection,  and 
these  need  but  little  comment.  They  show  the  usual  high  carbon 
characteristic  of  this  coal  in  the  Johnstown  quadrangle,  together  with 
low  volatile  matter.  The  moisture  is  about  the  same  as  usual  for 
this  coal,  though  perhaps  a  trifle  higher.  Ash  and  sulphur  are  both 
higher  than  the  average  for  this  coal  in  the  rest  of  the  area. 

•  Bull.  U.  B.  Oeol.  Survey  No.  332, 1906,  pp.  216  et  seq. 
e05ie'— Bull.  447—11 7 
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Steaming  tests. — ^The  steaming  tests  were  not  made  on  the  coal 
itself  but  on  briquets  made  from  it,  and  the  results  are  given  in  the 
table  below.  The  weights  of  water  evaporated  from  and  at  a  tem- 
perature of  212**  F.  per  pound  of  dry  fuel  used — 9.65  pounds  in  test 
512  and  8.14  pounds  in  test  514 — vindicate  the  standing  of  briquets 
made  from  this  coal.  The  results  should  be'  compared  with  the 
results  with  first-class  steaming  coals  given  on  page  37. 

Steaming  ie$ti  on  Low€r  Kitianning  coal  from  th^Contmaugh  Pumaee  dittriei. 


Duration  of  test hoars.. 

Heattng  value  of  tool B.  t.  a.  p«r  pound  of  dry  ftiel. . 

Foroe  of  draft: 

Undor  stack  damper Inch  of  water. . 

Above  fire. « do — 

Dry  ftiel  used  per  square  Ibot  of  gmte  surlaoe  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour,  .do 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. . 

Wattf  evaporated  from  and  at  212^  F.: 

Per  pound  of  fuel  tfs  fired do — 

Per  pound  of  dry  fuel do — 

Per  pound  of  combustible do — 

Efficiency  of  boiler,  inchiding  grate per  cent. . 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds . . 

Per  electrical  horsepower  hour do — 

Dry  ftiel: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do — 


Test512.« 

Test614.» 

7.77 
14,4ft6 

7.93 
14.382 

0.93 

.19 

19.98 

3.84 

107.7 

7.70 

0.93 

.23 

27.  S2 

4.47 

12S.3 

&54 

9.32 

9.66 

10.76 

64.29 

7.91 

8.14 

9.06 

&4.66 

3.08 
3.75 

3.58 
4.41 

193 

3.62 

3.47 
4.20 

a  Equal  weights  of  briquets  made  from  washed  coal  (briquetting  tests  215  and  216,  p.  100). 
b  Equal  weights  of  briquets  (briquetting  tests  208  and  209,  p.  100). 

Test  512  on  briquets  from  tests  215  and  216  (equal  weights); 
briquets  burned  freely,  with  intense  heat  and  no  smoke;  31  per  cent 
clinker.  Test  514  on  briquets  from  tests  208  and  209  (equal  weights) ; 
briquets  burned  freely,  with  intense  heat  and  no  smoke;  50  per  cent 
clinker. 

Coking  tests, — The  results  of  the  coking  tests  on  this  coal  are  given 
below,  together  with  analyses  of  the  coal  and  resulting  coke. 

Coking  tetts  on  Lower  Kittanning  coal  from  Conemaugh  Furnace  district. 

[Run-of-mine  coal,  finely  crushed.] 


Duration  of  test hours. . 

Coal  charged pounds. . 

Cokep«x!uo«J ferlJit:: 

BreeiepnKlaced {PS^i;; 

Total  yield do. . . . 


Test  179  '  Test  182 
(raw),     (washed). 


78 

11,760 

7.3fi0 

62.  SO 

529 

4.50 

67.00 


Test  179  yielded  soft,  dense  coke  Ught  gray  and  silvery  in  color, 
with  high  ash  and  sulphur.  Test  182  yielded  soft,  dense  coke  gray 
in  color.  Ash  and  sulphur  were  reduced  by  washing.  There  was  no 
improvement  in  physical  appearance. 
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Analygea. 


Test  179. 

Test  182. 

Coal. 

Coke. 

Coal. 

Coke. 

Moistare 

3.91 
16.35 
68.30 
11.44 

2.78 

0.30 

.28 

84.96 

14.47 

2.31 

6.30 

17.04 

60.58 

7.08 

1.34 

0.51 

Volatile  matter 

.58 

Fixwl  carbon ,  >  > .         .   .  "^  , . , .... 

89.85 

Ash 

9.06 

Sulphur 

1.11 

Washing  tests. — Results  of  washing  tests  are  given  below.  The 
figures  indicate  that  finer  crushing  is  advantageous.  The  loss  of 
"good  coal"  (by  which  is  meant  all  coal  of  a  quality  equal  to  or  bet- 
ter than  that  of  the  washed  coal)  in  the  refuse  will  not  exceed  2  per 
cent. 

Float  and  Hnk  tests  on  Lower  Kiltanning  coal  from  Conemaugh  Furnace  district.^ 


111 

Specific 
gravity 
of  solu- 
tion used. 

Peroentageof 
float 

Sink 

(per 

cent). 

17 
12 
12 
11 

Analyses. 

Nombcr  of  test. 

To 
reltiae. 

To 

total 

sample. 

83 

88 
88 
80 

3.91 
4.20 
4.51 
4.59 

Ash. 

Sulphur. 

Per 

cent. 

Per 

cent 

reduo> 

tion. 

Per 
cent 

Per 
cent 
reduc- 
tion. 

On  raw  ooal  (preliminary): 

I 

1.35 
1.42 
1.45 
1.52 

1.35 
1.41 
1.45 
1.53 

17.20 
18.50 
19.88 
20.20 

4.95 
5.66 
4.72 
6.07 

5.42 
5.69 
6.45 
7.89 

53 
46 
55 
42 

0.93 
1.24 
1.02 
1.00 

1.60 
1.60 

67 

2 

67 

3 

64 

4 

62 

On  refuse  (float): 

1 

2 

3 

2.15 

4 1 

2.08    

1 

«  Duration  of  test,  2|  liouni.    Size  as  used,  through  1-lnch  screen.    Jig  used,  special;  speed,  70  revolutions 
minute;  stroke,  7\  inches.    Raw  ooal,  22.21  tons;  washed  coal,  17.25  tons,  78  per  cent;  refuse,  4.96  tons, 
2  per  cent. 

Analyses. 


Sample  tested. 


Raw  coal,  car  sample 

Washed  coal 

Refuse 


Mois- 
ture. 

Ash. 

Per 

Per 

cent 

cent. 

reduc- 
tion. 

4.00 

10.54 

6.48 

6.76 

36 

10.21 

46.25 

Sulphur. 


.    Per 
Per    .    cent 
cent,   i  reduc- 
tion. 


2.85 

1.30 

17.40 


54 


Briquetting  tests. — Seven  briquetting  tests  were  made,  three  on  raw 
and  four  on  washed  coal.  Briquets  from  both  the  English  and  the 
Renfrow  (American)  machines  had  similar  appearance,  with  smooth, 
hard  surface,  were  very  brittle,  and  broke  with  a  glossy  fracture  and 
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sharp  edges.  The  percentage  of  binder  (water-gas  pitch)  seemed  to 
have  little  effect  on  brittleness,  although  Renfrow  briquets  with 
8  per  cent  binder  were  handled  with  less  breakage.  There  was  no 
noticeable  difference  between  the  briquets  made  bt>m  raw  and  those 
from  washed  coal. 

For  analyses  of  coal  used  in  briquets  see  page  97  (those  from  bri- 
quetting  tests  208  and  209  under  steaming  test  514;  from  briquetting 
tests  212,  215,  and  216  under  steaming  test  512). 

Briquetting  tetU  on  run-qf-mine  coal  from  Conemaugh  Furnace  district. 

[WatepfM  pitch  binder.) 


Details  of  manufBCture: 

Machine  used 

Temperature  of  briquets 

Binder- 
Laboratory  number 

Amount percent. 

Weight  of— 

Fuel  brlquetted pounds. 

Brlauets,  ayerage do. . . 

Heat  value  per  pound- 
Fuel  as  received B.  t  a. 

Fuel  as  fired do... 

Binder do. . . 

Drop  test  (1-inch  screen): 

Held per  cent. 

Passed do. . . 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed  (fines) do. . . 

Fines  through  10-mesh  sieve do. . . 

Water  absorption: 

In  13  days do... 

AwToge  for  first  5  days do. . . 

Specific  gravity  (apparent) 


Test 
196. 

Test 
206. 

Test 
200. 

Test 
212. 

Test 
213. 

Test 
216. 

""^ 

Renf. 
158 

Renf. 
15S 

Renf. 
168 

Renf. 
166 

""^ 

4663 
6 

4663 
7 

4683 

8 

4663 

7 

4683 

8 

4683 
6 

3,200 
3.62 

4,500 
0.451 

8,000 
0.457 

6,500 
0.427 

6,500 
a458 

6,400 
3.63 

13,347 
13,198 
16,637 

13,347 
13,981 
16,637 

13,347 
13,961 
16,637 

14,630 
16,637' 

14,630 
13,896 
16,637 

14,630 
13,988 
16,637 

74.8 
25.2 

19.5 
80.5 

26.0 
74.0 

23.0 
77.0 

19.5 
8a5 

74.6 
25.4 

71.0 
29.0 
65.4 

54.0 
46.0 
86.8 

61.5 
38.5 
86.4 

67.0 
33.0 
91.6 

64.0 
36.0 
87.3 

74.0 
26.0 
63.2 

14.5 

2.34 

1.141 

15.5 
2.78 
1.11 

15.0 

2.66 

1.127 

19.0 

3.1 

1.043 

14.5 

2.50 

1.144 

9.5 

1.56 

1.148 

Test 
216l 


E 


^ 


'6 


3,300 
3.44 

14.639 

13.988 
16,637 

71.9 
28.1 

70.5 
29.5 
70.4 

11.0 

1.56 

1.121 


Tests  198, 208,  and  209.  Size  used:  Over  { inch,  0.8  per  cent;  Vv  Inch  to  }  inch,  3.6  per  cent;  ^  Inch  to  ^ 
inch,  11.2  per  cent;  j\,  inch  to  ,V  inch,  27  per  cent;  through  ^  Inch,  57.4  per  cent. 

Tests  212,  213.  215.  and  210  (on  washed  cool).  Size  as  used:  Over  i  inch,  0.8  per  cent;  A  Inch  to  { Inch, 
4.8  percent;  ^  inch  to  ^^i  inch,  16  per  cent;  ^  inch  to  ^  Inch,  26  percent;  through  ^  Inch,  62.4 


Extraction  analyses. 


Laboratory  No 

Alr-drylHR  loss per  cent. 

Extracted  bv  CSti 

Air-dried do... 

As  received do... 

Pitch  In  briquets  as  received do. . . 


Pitch. 


4083 


89.31 


Fuel. 


4498 
3.10 

1.02 

.99 


BriqoBta. 


Test 
198. 


4769 
6.50 

5.60 
6.29 
6.00 


Tests 
206,209. 


4713 
2.00 

6.86 
6.72 
6.49 


Test 
213. 


4885 
0.60 

8.03 
7.96 
7.92 


Tests 
215,216l 


47% 

3.10 

6.90 
6.61 
6.37 
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Occurrence  and  'physical  characUr. — The  sections  in  figure  18  indi- 
cate the  thickness  of  the  Lower  Kittanning  coal,  its  under  benches, 
and  the  character  of  its  roof  and  floor  in  the  Conemaugh  Furnace 


FiotJRE  18.— Sectlozia  of  tbe  Lower  Kittanning  (Miller  or  B)  ooal  In  the  Conemaogh  Fumaoe  district 
1, 2,  Johnstown  Coal  Company,  north  of  Conemaugh  River;  3,  Nineveh  Coal  Company,  Seward  mine^ 
ooath  bank  of  Conemaugh  River.    Scale,  1  Inch  «  6  feet. 

district.     In  addition  to  the  sections  shown  in  the  figure,  the  following 
i^ere  measured: 

Section  of  Lower  Kittanning  ooal  on  Laurel  Ridge^  near  Cromer. 

Shale  roof.  Ft.  in. 

Coal 3    7 

Shale 6 


jtol 


Coal ^ 

\tol    8 

Fire  clay. 

Section  of  Lower  Kittanning  coal  at  mine  of  Seward  Coal  Company ,  Seward. 

Shale  roof.  Ft  in. 

Coal 3    3 

Shale  or  clay '. 6 

Coal I 

Clay 6 

Coal 6 

Fire  clay,  hard 1 

Clay,  Boft  (reported) 1    4 

-  The  coal  near  Conemaugh  Furnace  and  Seward  is  comparable  in 
every  way  with  the  corresponding  coal  as  mined  farther  east  near 
Johnstown,  South  Fork,  Blacklick  Creek,  and  Windber.  In  this  par- 
ticular district  the  bed  was  measured  and  studied  in  three  mines  and 
seen  at  one  country  bank.  The  main  bench  ranges  from  3  feet  3 
inches  to  3  feet  9  inches.  Below  this,  one  and  in  places  two  lower 
benches  are  found.  The  first  ranges  in  thickness  from  6  to  20  inches 
and  is  separated  from  the  main  bench  by  a  shale  parting  usually  not 
more  than  6  inches  thick;  this  bench  is  used  at  Seward  by  the  brick 
company  to  burn  bricks.  The  second  lower  bench  is  about  6  inches 
thick,  and  the  underlying  clay  is  reported  as  thick  as  17  feet,  only 
6  feet  of  which  is  considered  of  brickmaking  grade.  The  roof  of  the 
coal  is  firm  shale  and  the  usual  rolls  in  the  floor  are  present. 
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COAL  MINING, 

Two  general  systems  of  working  coal  were  employed  in  the  Johns- 
town quadrangle  when  this  work  was  done — ^the  room  and  pillar 
system  and  the  long-wall  system.  The  former  is  in  most  common 
use,  but  two  of  the  mines  along  Blacklick  Creek  (Nos.  1  and  3  of  the 
Vinton  Colliery  Company)  have  used  the  long-wall  system. 

BOOM   AND   PILLAB   SYSTEM. 

General  description, — The  diagram  or  plan  of  the  workings  of  one 
of  the  mines  in  the  quadrangle  given  in  figure  19  conveys  some  idea  of 
the  methods  generally  employed  in  the  room  and  pillar  method  of 
mining  coal. 

Most  of  the  mines  in  the  quadrangle  are  drift  mines  and  work  coal 
which  averages  between  3  and  4  feet  in  thickness.  For  this  reason, 
in  the  headings  where  hauling  is  done  the  roof  is  generally  removed 
so  as  to  allow  between  5  and  5i  feet  above  the  rail  or  nearly  6  feet  in 
the  clear.  The  main  heading  is  usually  driven  straight  and  is  cut 
through  rolls,  which  are  very  common  in  the  Lower  Kittanning 
(Miller)  coal,  the  most  important  bed  of  the  area.  If  the  rolls  are  too 
pronounced,  however,  the  main  heading  may  be  curved  around  them. 

The  main  entry  or  heading  is  usually  run  about  10  feet  wide;  in 
some  mines  it  is  as  narrow  as  9  feet  and  in  a  few  as  wide  as  12  feet; 
in  still  others  the  width  of  the  main  headings  ranges  from  18  to  25 
feet,  but  in  such  mines  the  rock  is  gobbed  underground.  Wide  head- 
ings are  not  usual.  The  main  airways  appear  to  be  about  as  wide 
as  the  main  headings,  and  the  pillar  left  between  the  two  averages 
about  50  feet. 

Cross  or  side  headings  are  run  from  the  main  headings  either  at  a 
considerable  inclination  or  at  right  angles.  The  width  of  the  cross 
headings  varies  but  is  commonly  about  15  to  18  feet.  One  mine  at 
South  Fork  reported  cross  headings  only  7  to  8  feet  wide.  A  few 
mines  near  Johnstown  reported  cross  headings  as  broad  as  21  and  24 
feet,  but  here  it  is  possible  that  much  of  the  rock  may  be  gobbed 
underground.  About  South  Fork  some  of  the  larger  mines  reported 
cross  headings  550  feet  apart.  In  turning  rooms  from  the  cross 
headings  the  turn  may  be  about  9  feet  long  and  15  feet  wide,  but  the 
practice  may  vary  considerably  from  these  figures. 

The  dimensions  of  rooms  vary  within  narrow  limits.  The  width 
ranges  from  21  to  40  feet;  24-foot  rooms  are  very  common,  but  those 
in  exaess  of  30  feet  are  rare.  About  South  Fork  the  roof  of  the  Lower 
Kittanning  (Miller)  coal  has  caused  trouble  in  places,  and  some 
rooms  have  been  lost  on  account  of  running  them  too  wide;  in  the 
mines  where  this  difficulty  was  encountered  a  21-foot  room  with  15  to 
20  foot  pillars  has  given  the  best  satisfaction.     The  length  of  the 
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rooms  in  the  larger  mines  is  usually  300  feet,  but  ranges  from  225  to 
360  feet,  the  latter  length  being  fairly  common  near  South  Fork  and 
along  Blacklick  Creek.  In  many  of  the  smaller  mines  the  length  of 
rooms  is  less  than  100  feet. 

The  width  of  pillars  between  rooms  is  generally  30  feet,  but  in  some 
of  the  mines  where  the  covering  is  unusually  heavy  more  pillar  has 
to  be  left,  and  at  South  Fork  some  of  the  larger  mines  report  34  to  36 
foot  pillars.  As  stated  above,  a  15  to  20  foot  pillar  gives  the  best 
satisfaction  in  certain  mines.  Pillars  27,  24,  and  21  feet  wide  are  also 
used  at  a  few  mines.  A  60-foot  pillar  was  reported  from  a  couple  of 
mines.  A  ^^skip"  is  a  crosscut  between  two  adjacent  rooms.  Its 
length,  of  course,  is  the  width  of  a  pillar;  its  width  varies  from  10  to 
20  feet.  Pillars  are  worked  back  from  the  room  face  within  60  feet  of 
the  cross  headings  until  all  the  rooms  in  the  cross  headings  are  worked 
out.    The  roof  is  allowed  to  cave  after  the  coal  is  worked  out. 

The  methods  of  ventilation,  drainage,  and  haulage  of  coal  to  the 
surface,  together  with  the  mining  methods  employed,  vary  widely. 
Some  of  the  mines  in  the  quadrangle  are  among  the  largest  in  the 
State  and  eoiploy  hundreds  of  men.  Such  mines  have  extensive 
underground  workings  and  employ  the  most  elaborate  and  expensive 
systems  to  insure  the  safety  of  the  lives  of  the  men  and  the  cheapest 
and  most  expeditious  means  of  transferring  coal  from  mining  breasts 
to  coal  cars.  At  Windber,  for  instance,  machine  mining  is  practiced 
almost  altogether  at  Eureka  No.  37,  compressed-air  machines  being 
used.  Hauling  is  done  by  electricity  and  ventilation  by  fans.  The 
drainage  is  natural  and  by  pump.  Of  Eureka  No.  40  mine,  which  is 
the  latest  in  the  Windber  territory,  J.  T.  Evans,  mining  inspector  of 
the  sixth  bituminous  district  of  Pennsylvania,  says:^  *'It  will  be  the 
model  mine  of  the  district." 

Ventilation. — ^Ventilation  is  effected  by  natural  methods,  furnace 
and  stack,  or  fan.  In  the  smaller  mines  the  first  two  methods  are  in 
common  use,  but  in  the  larger  mines  fan  ventilation  has  to  be  em- 
ployed. The  variety  of  the  fans  used  is  great;  the  size  of  fan  and  the 
number  of  revolutions  made  per  minute  depend  entirely  on  local 
coditions.  The  motive  power  used  in  driving  the  fans  is  compressed 
air,  electricity,  steam,  etc. 

Drainage, — ^Drainage  is  either  natural  or  artificial.  In  most  of  the 
smaller  mines  and  in  some  of  the  larger  workings  natural  drainage  is 
used.  Artificial  drainage  is  accomplished  by  pumps  driven  by  com- 
pressed air,  steam,  or  electricity;  hand  pumps  are  also  used. 

Haulage. — In  the  smaller  mines  both  hand  haulage  and  mule 
haulage  are  employed.  In  the  larger  mines  mule  haulage  is  used 
almost  exclusively  as  an  auxiliary;  the  mules  haul  the  loaded  mine 

a  Rept.  Pemisylvaiiia  Dept.  Mines,  pi.  2, 1906,  p.  377< 
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cars  to  the  foot  of  slopes  or  planes  or  to  the  electric  tramways,  and 
the  loaded  cars  are  hauled  out  by  wire  ropes  or  electric  locomotives. 
The  overhead-trolley  system  is  in  common  use  and  at  South  Fork  the 
third-rail  system  is  used  in  one  of  the  mines. 

Tipples  are  of  various  makes.  The  old-fashioned  cradle  tipple  is 
still  the  most  popular,  but  an  automatic  dump  is  used  at  some  of  the 
larger  mines  at  South  Fork  and  on  Blacklick  Creek,  a  crossover 
patent  in  at  least  two  mines  on  Blacklick  Creek,  and  a  kind  of  rotary 
tipple  at  one  mine  in  the  Blacklick  Creek  district.  At  the  Cone- 
maugh  slope  the  coal  is  dumped  at  the  mine  mouth  into  buckets  of 
1,000  pounds  capacity,  which  are  then  conveyed  by  electric  power 
from  the  north  side  of  Conemaugh  River  over  the  Pennsylvania 
Railroad  to  the  Franklin  plant  of  the  Cambria  Steel  Company. 

Mining  methods. — ^The  mining  methods  employed  in  the  Johnstown 
quadrangle  are  hand  or  pick  mining  and  machine  mining.  In  some 
of  the  larger  mines  machines  are  used  almost  exclusively,  but  as  a 
general  thing  a  combination  of  pick  and  machine  mining  is  found 
more  satisfactory. 

LONO-WALL  SYSTEM. 

The  conveyor  method  of  the  long-wall  system  of  mining  coal  has 
been  used  at  collieries  Nos.  1  and  3  of  the  Vinton  Colliery  Company  at 
Vintondale,  in  the  BlackUck  Creek  district  (fig.  20).  It  has  been 
abandoned  for  some  years  in  this  district.  The  long-wall  system  is 
the  one  most  commonly  used  in  the  coal  mines  of  Europe,  where 
it  is  regarded  as  being  much  more  economical  of  the  coal  than  the 
room  and  pillar  method.  For  this  reason  it  was  recommended  in  the 
report  to  the  Secretary  of  the  Interior  by  Messrs.  Watteyne,  Meissner 
and  Desborough,*  the  three  foreign  experts  recently  selected  for  the 
investigation  of  mine  explosions  in  the  United  States.  The  long-wall 
system  has  a  number  of  modifications,  that  used  in  the  Blacklick 
Creek  district  and  commonly  referred  to  as  the  conveyor  method  being 
one  of  them.  Figures  21  and  22  illustrate  the  method  as  formerly 
practiced  at  Vintondale.  The  coal  bed  worked  is  the  Lower  Kittan- 
ning  (Miller  or  B)  bed.  It  usually  runs  3  feet  6  inches  thick  near 
Vintondale,  and  its  maximum  and  minimum  thickness  may  be  taken 
as  3  feet  10  inches  and  3  feet  3  inches,  respectively.  Below  the  main 
bench,  from  which  it  is  separated  by  8  to  10  inches  of  shale,  is  a  coal 
ranging  from  2  to  10  inches  in  thickness.  The  roof  of  the  coal  is  hard 
shale  and  is  a  most  excellent  cover,  though  it  has  marked  slips  or 
crevices.  The  coal  is  boimd  very  tightly  to  both  roof  and  floor. 
The  average  thickness  of  the  cover  is  about  180  to  200  feet.  The 
territory  of  the  mines  is  long  and  narrow,  and  this,  together  with  the 

•  BalL  U.  8.  a«oL  SuiT^y  No.  aOO.  10Q8»  p.  6. 
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heavy  piteh  of  the  coal  (see  PI.  I),  makes  the  successful  working  of 
the  bed  by  the  room  and  pillar  method  difficult." 

The  long-wall  method  as  first  practiced  at  Vintondale  differs  some- 
what from  the  method  used  there  later.  At  the  beginning  of  the  op- 
erations in  this  region  the  faces  of  the  coal  were  worked  by  passing  the 
mine  cars  at  one  end  of  the  face,  along  the  face,  and  out  at  the  opposite 
end  when  loaded.  The  results  were  only  fair,  as  the  roof  and  the 
steep  grades  both  gave  trouble.  In  the  other  mines  working  at 
Vinto&dale  at  this  time  no  marked  slips  or  cracks  in  the  roof  had 
been  noticed  and  it  was  naturally  inferred  that  these  conditions 
would  prevail  generally;  but  after  the  long-wall  faces  had  been  in 


operation  for  some  time  marked  shps  were  encountered  almost 
exactly  in  Une  with  the  face  of  the  coal,  and  it  was  found  very  difficult 
to  keep  the  roadway  open  when  these  sUps  occurred  at  the  working 
face. 

Another  reason  for  abandoning  tliis  method  of  working  was  the 
difficulty  of  controlling  mine  cars  on  the  heavy  grades.  Not  only 
wrecks  but  delays  were  caused  by  mine  cars  getting  beyond  the 
working  faces.  If  the  roof  conditions  had  been  more  favorable,  the 
proposed  method  of  working  would  have  made,  with  sUght  modifica- 
tions, an  excellent  arrangement  for  the  use  of  the  conveyor  system.' 

■  A  docrlptloD  of  tb«  method  of  mining  the  caaX  tu  tbli  nglon  wu  read  b;  Ur.  CTutatf  R.  Cl^bom  tt 
tlK  Fcbtnuy,  im,  Ducting  ot  ttw  North  of  EogtBod  Inatllulcof  Ulnlog  and  UcchuiIiBl  EDgliiHra(Tmis. 
Inst.  mn.  Eng,,  toL  IS,  imQ,  pp.  351  et  Kq.). 

*  Win,  R.  O.,  Tnm.  hut.  HUl  Eng.,  vol  20,  ISM,  pp.  4a2-47«. 
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To  overcome  the  delays  and  diilicuUies,  C.  R.  CUfrhorn  proposed 
that  a  conveyor  should  be  installed  along  the  long-waD  faces  and  that 
the  mine  cars  should  be  run  on  a  semipermanent  road  under  the  Head 
end  of  the  conveyor  and  there  loaded  instead  of  being  passed  along  the 
face.     From  the  hrst  the  conveyor  was  a  success. 

The  following  descriptions  of  the  working  methods  at  Vintondale 
are  by  Mr.  J.  I.  Thomas,  assistant  superintendent  of  the  Vinton  col- 
lieries" when  the  field  work  on  the  report  was  done: 

The  block  work,  which  is  a  modification  of  long-wall  mining,  was  first  started  in  tbe 
No.  3  mine  of  this  company  seven  yean  ago.  At  the  outset  cars  were  run  ainund  the 
working  face  andioaded.  This  method  broughtonlyfairrcmiltsowing  to  the  Deces^ity 
of  using  email  cars,  steep  grades,  and  difficulty  in  keeping  roadwaye  open.  Arrango 
menta  were  then  made  for  tbe  placing  of  a  conveyor  along  the  face,  allowing  the  cant 
to  be  run  under  the  head  end  to  be  loaded. 


The  first  conveyor,  which  was  made  entirely  of  wood,  was  a  cumbersome  affair 
and  much  time  was  consumed  in  moving  it  laterally  along  the  face  after  the  cut  had 
been  loaded  out,  but  after  a  year's  trial  the  rosults  obtained  were  no  gratifying  that 
metal  ronveyore  were  designed  and  ordered  and  prcpamtiouH  were  made  to  employ 
this  system  on  a  much  laigcr  scale. 

The  conveyor  system  is  very  flexible  and  numerous  methods  of  working  arc  applica- 
ble, as  the  condition  of  the  territory  demands. 

In  Vintondale,  at  present,  there  are  two  different  arrangemenlfl — that  is,  the  single 
conveyor  method,  whirh  has  been  mentioned,  and  the  triple-conveyor  system,  by 
which  two  face  "conveyors  d\imp  alternately  into  a  third  conveyor,  which  in  turn 
dumps  into  the  mine  cars.     Both  air  and  elei'tricity  are  UBvd  as  the  driving  power. 

e  and  fiiairy,  vol.  2,  No.  3,  Febmur;,  1W8,  pp.  193 
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In  the  No.  3  mine,  where  the  single-conveyor  Bystem  is  being  used  with  compressed 
air  as  power,  the  main  heading  and  air  coiine  are  driven  up  the  pitch  through  the  center 
of  the  property.  Cross  headings  are  driven  off  the  main  at  intervals  of  400  feet  and 
run  to  the  outcrop.  These  headings  are  20  feet  wide,  with  an  8-foot  roadway  carried 
next  to  the  pOlar,  which  is  40  feet  thick.  Barrier  pillars  of  75-foot  thickness  arc 
maintained  on  each  side  of  the  main  entries.  Block  headings  are  driven  peq)endic- 
ularly  off  the  cross  entries  at  265  feet  centers.  This  allows  a  solid  face  of  250  feet. 
These  block  headings  are  driven  15  feet  wide,  but  bottom  is  lifted  only  7  feet  wide  near 
the  rib  and  of  such  depth  to  allow  a  clearance  of  6  feet  from  the  top  of  rail.  The  remain- 
ing width  acta  as  a  shelf  for  the  support  of  the  drive  and  long-wall  machine.  As  the 
block  headings  are  driven  for  a  distance  of  350  feet  into  the  solid  coal,  it  is  found 
necessary  to  carry  along  a  good  line  of  bratticing  for  the  purpose  of  ventilation. 

The  block  nearest  the  outcrop  is  first  attacked.  On  this  block  it  is  necessary  to 
maintain  an  areaway  at  the  rear  end.  This  is  done  by  driving  along  with  the  block  a 
place  4  feet  wide,  leaving  a  pOlar  10  feet  thick  between  it  and  the  edge  of  the  block. 
The  coal  is  extracted  to  within  25  feet  of  the  upper  heading,  when  the  conveyor  is 
removed  to  the  next  block,  which  is  worked  out  in  the  same  manner;  and  so  on  until 
the  coal  in  the  whole  tier  of  blocks  is  recovered.  In  the  meantime  the  pillar  left  by 
the  block  and  the  chain  pOlars  are  being  mined  by  hand.  The  time  consumed  in 
removing  equipment  from  one  block  to  another  is  usually  about  fifteen  hours. 

The  type  of  conveyor  consists  of  a  trough  or  pan  made  of  sheet  steel  one-eighth 
inch  thick,  12  inches  wide  at  the  bottom,  18  inches  wide  at  the  top,  and  6  inches  high, 
'set  on  strap-iron  standards.  Thcfconveyor,  which  is  250  feet  in  length,  is  made  up  in 
sections  of  6, 12, 15,  and  IS  foot  lengths,  connected  together  by  means  of  one-half  inch 
flat-headed  bolts,  countersunk.  The  front  is  inclined  for  a  distance  of  45  feet  to  allow 
clearance  for  mine  cars  to  pass  under.  The  rear  end  is  inclined  for  15  feet  to  compen- 
sate for  the  size  of  sprocket  wheel.  A  return  runway  for  the  chain  is  afforded  below 
the  pans  by  angle  irons. 

A  cast-iron  driving  sprocket  18  inches  in  diameter  and  13-inch  iace  is  attached  to  the 
front  end.  On  the  shaft  of  this  sprocket,  which  is  extended  12  inches  beyond  one  of 
the  bearings,  is  keyed  a  12-tooth  16-inch  diameter  sprocket,  which  connects  with  the 
driving  mechanism.  The  rear-end  section  consists  of  a  framework  made  up  of  two 
I-beams,  6  feet  long  and  strongly  braced,  on  which  rest  the  take-up  boxes  for  keeping 
the  chain  in  adjustment  and  the  rear  sprocket  wheel  over  which  the  chain  returns. 

The  conveyor  chain  is  made  of  either  steel  or  malleable  cast  iron,  held  together 
by  bolts,  the  ends  of  which  may  be  riveted  or  fitted  with  nuts.  As  it  is  impracticable 
to  secure  a  chain  that  will  not  break,  they  are  designed  so  that  repair  can  be  made 
ei^peditiously. 

The  power  is  carried  to  the  different  machines  by  means  of  a  2-inch  pipe,  which 
is  nm  from  the  main  supply  along  the  lower  heading  to  the  top  of  the  block  heading. 
A  connection  is  here  made  with  the  hoisting  engine.  The  line  is  carried  on  props 
down  the  block  heading  to  the  conveyor,  where  it  is  connected  by  means  of  a  2i-inch 
wire-wound  rubber  hose  to  a  2-inch  pipe  that  runs  the  entire  length  of  the  block  and 
attached  to  the  conveyor.  This  pipe  has  outlets  with  2-inch  stopcocks  at  intervals 
of  50  feet,  to  which  the  hose  of  the  mining  machlhes  and  air  drills  may  be  attached. 
This  arrangement  necessitates  carrying  only  a  short  length  of  hoee  on  these  machines 
instead  of  one  reaching  the  whole  length  of  the  block. 

From  the  end  of  the  conveyor  a  l}-inch  pipe  is  run  to  the  air  engine.  In  this  pipe 
is  a  valve,  which  is  connected  to  a  rod  that  reaches  to  the  head  end  of  the  conveyor. 
It  is  from  this  point  that  the  conveyor  is  controlled  when  running.  As  the  air  line 
needs  to  be  shortened  5  feet  nearly  every  day,  several  sections  of  different  lengths 
are  kept  near  at  hand,  so  that  this  change  can  be  quickly  made. 

The  cars  are  handled  to  the  conveyor  by  means  of  a  double  cylinder,  with  an  8  by 
10  inch  double  friction-drum  hoisting  engine.    The  drums  work  loose  on  the  shaft 
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independent  of  each  other  and  are  equipped  with  a  powerful  differential  Inrake  that 
will  hold  any  load  the  engine  will  hoist;  500  feet  of  f-inch  rope  is  reeled  on  each  drum. 
A  small  hand  drum,  on  which  is  reeled  150  feet  of  ^-inch  rope,  is  used  to  lower  the 
cars  around  the  curve. 

The  cars  are  dropped  into  the  lower  heading  from  the  main  haulage  and  pulled, 
either  with  mules  ot  a  small  engine,  to  the  top  of  the  block  heading.  Here  the  rope 
of  the  small  drum  is  attached  to  the  coupling  between  the  first  and  second  car  and 
the  cars  pushed  around  the  ciurve.  One  of  the  ropes  of  the  hoist  is  now  attached  to 
the  rear  end  of  the  trip,  which  is  usually  ten  cars,  and  the  small  rope  is  freed.  The 
trip  is  then  dropped  to  the  conveyor  to  be  loaded.  Ajiother  trip  is  attached  to  the 
other  rope  of  the  hoist  in  the  same  manner.  This  trip  is  held  on  the  block  entry 
until  the  first  trip  is  loaded.  This  having  been  accomplished,  the  loaded  trip  is 
dropped  to  the  bottom  of  the  block  heading  and  the  rope'disengaged.  The  driver 
here  takes  the  cars  and  hauls  them  to  the  main  haulage.  The  rope  is  then  pulled  to 
the  top  of  the  block  heading  and  attached  to  the  cars,  as  described.  In  the  mean- 
time the  empty  trip  on  the  block  heading  has  been  dropped  to  the  conveyor  and 
started  to  be  loaded.  This  change  usually  occupies  two  to  three  minutes.  Electric 
signal  wires  are  run  the  length  of  block  headings,  by  which  the  head  man  signals 
the  engine  boy. 

The  drive,  which  is  a  small  double-cylinder  engine  with  reduced  gearing,  is  mounted 
on  a  frame  and  attached  to  the  conveyor.  The  power  is  transmitted  by  means  of  a 
steel  thimble  roller  chain  to  the  sprocket  on  the  drive  shaft  of  the  conveyor. 

The  drill  used  for  l)oring  the  holes  is  an  ingenious  tool;  the  weight  of  auger  and 
drill  does  not  exceed  20  pounds.  The  machine  is  a  small  four-cylinderod  air  engine 
and  has  a  gear  on  the  shank  of  the  machine.  The  auger  is  attached  to  a  small  chuck 
that  is  screwed  on  to  the  end  of  the  shank.  A  hose  three-eighths  inch  in  diameter 
and  50  feet  long,  attached  to  the  conveyor  pipe,  furnishes  the  power  for  the  drill. 

The  complement  of  men  required  to  run  a  block  is  13 — that  is,  block  boss,  machine 
runner  and  helper,  driller,  who  also  acts  as  shot  firer,  engine  boy,  head  man,  and 
six  loaders. 

The  '*  block  boss,"  or  leader  of  the  crew,  has  direct  charge  of  the  block.  He  must 
be  a  man  who  has  some  knowledge  of  mining  and  the  care  of  machinery,  and  must 
po88e8s  good  executive  ability.  The  balance  of  the  crew,  with  the  possible  excep- 
tion of  machine  men,  are  generally  non-English-epeaking  men. 

In  preparation  for  the  day's  work  the  machine  has  cut  one  rail  (30  feet)  on  the 
previous*  afternoon.  In  the  morning  this  coal  is  shot  down  and  the  loaders  begin 
work  immediately.  It  requires  from  four  and  one-half  to  five  hours  for  the  machine 
men  to  finish  the  cut.  The  machine  is  then  overhauled  and  moved  up  in  position 
to  start  the  return  cut.  After  finishing  their  own  work  the  runner  and  his  helper  go 
back  on  the  block  and  make  preparations  for  the  moving  of  the  conveyor.  This 
consists  of  setting  a  line  of  props,  called  the  line  row,  about  8  feet  apart,  and  a  distance 
from  the  conveyor  e<iual  to  the  depth  of  the  undercut.  As  these  arc  placed  the  old 
line  row,  which  is  now  against  the  conveyor,  is  withdrawn.  The  pulling  jacks  for 
moving  the  conveyor  are  distributed  along  the  block  40  feet  apart  and  placed  in 
position. 

The  shot  firer  keeps  closely  after  the  machine,  and  is  through  shooting  shortly 
after  the  undercut  is  finished.  He  then  starts  from  the  far  end  of  the  block  to  drill 
holes  in  the  new  fac!e.  It  usually  takes  him  about  two  hours  daily  to  drill  the  entire 
width  ot  the  block. 

Each  loader  is  supplied  with  a  pick  and  shovel  and  a  piece  of  sheet  iron  9  inches 
wide  and  6  feet  long,  which  he  attaches  to  the  conveyor  to  act  as  a  side  board.  As 
each  loader  cleans  up  his  plac^e  he  moves  forward  to  the  head  of  the  line.  This  con- 
tinues until  the  coal  is  loaded  out,  which  usually  requires  about  six  and  one-half 
hours, 
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When  cleaned  up  the  drive  is  reversed  and  the  timber,  which  has  arrived  on  the 
last  trip,  is  run  through  on  the  conveyor  to  such  points  on  the  block  where  it  is  re- 
quired. When  this  is  accomplished  the  power  is  shut  off  by  means  of  a  valve  located 
at  the  top  of  the  block  heading.  The  hose  is  disconnected  from  the  main  feed  pipe 
and  the  conveyor  is  moved  up  to  the  line  row.  This  lateral  move  of  the  conveyor 
requires  very  little  time,  very  seldom  exceeding  five  minutes.  A  break  row,  consist- 
ing of  two  rows  of  props  set  2  feet  apart,  is  now  placed  along  the  lower  side  of  the 
conveyor.  These  props  are  set  on  a  cap  piece,  placed  on  a  small  pile  of  slack,  and 
wedged  at  the  top. .  Two  break  rows  are  all  that  is  necessary  to  protect  the  block. 
In  the  meantime  a  portion  of  the  crew  are  engaged  in  pulling  out  the  extia  break 
row.  This  is  the  most  hazardous  work  on  the  block  and  is  given  peisonal  attention 
by  the  block  boss.  Axes  are  used  in  this  operation,  and  about  75  per  cent  of  the 
props  recovered  are  practically  uninjured.  > 

While  the  block  crew  are  employed  timbering  the  conveyor  man  and  hoist  boy 
make  the  necessary  pipe  connections  and  go  along  the  conveyor  with  a  pump  jack 
and  level  it  up.  They  also  build  a  crib  at  the  head  end,  which  is  placed  so  as  to 
prevent  the  roof  from  breaking  over  into  the  block  heading. 

When  the  timber  drawers  have  advanced  such  a  distance  from  the  machine  that 
the  noise  of  the  exhaust  will  not  annoy  them,  the  machine  begins  cutting  and  is  usu- 
ally able  to  have  one  rail,  or  about  30  feet,  cut  before  the  shift  is  over. 

With  a  5-foot  undercut  the  block  throws  125  tons.  Four  cuts  a  week  are  on  an 
average  obtained  from  each  block,  which  makes  a  daily  average  of  100  tons. 

Although  the  results  obtained  from  this  system  of  mining  were  highly  satisfactory, 
it  was  found  there  was  still  room  for  improvement,  especially  with  regard  to  the 
original  cost  of  the  development  and  the  dead  work  connected  with  the  running  of 
the  block.  It  was  with  the  idea  of  remedying  these  features  and  of  improving  on 
other  less  important  conditions  that  the  triple-conveyor  system  was  designed  and 
installed.  After  being  in  use  for  over  a  year  in  four  of  the  mines  where  electricity  is 
the  XH>wer  used  the  results  obtained  are  even  better  than  were  anticipated. 

In  laying  out  a  mine  for  this  system  the  main  entry  and  airway  are  driven  up  or 
down  the  pitch,  and  cross  headings  are  driven  off  them  at  intervals  of  400  feet  at  such 
an  angle  as  will  give  a  2  per  cent  grade;  75-foot  barrier  pillars  are  left  on  each  side  of 
the  main  entries.  The  cross  heading  is  driven  20  feet  wide  and  gobbed  on  the  lower 
side.  The  air  course,  which  afterward  is  used  as  the  block  face,  is  driven  20  feet 
wide,  but  no  bottom  ib  lifted;  a  40-foot  pillar  is  maintained.  Block  headings  are  run 
perpendicularly  off  the  cross  headings  at  518-foot  centers;  they  are  driven  18  feet 
wide,  with  bottom  lifted  in  the  center  5  feet  wide,  and  to  such  a  depth  as  will  give 
a  clearance  of  5  feet. 

When  the  block  is  ready  for  operation  a  conveyor  350  feet  long  is  placed  in  the 
block  heading,  and  along  the  face  of  the  air  course  on  each  side  is  placed  a  conveyor 
250  feet  long,  with  delivery  ends  directly  over  the  main  conveyor,  one  being  5  feet 
in  advance  of  the  other.  Each  conveyor  is  driven  by  a  20-horBepower  250-volt  series- 
wound  motor  incased  in  a  sheetriron  frame  moimted  on  steel  shoes,  so  as  to  be  easily 

moved. 

Airways  are  maintained  on  the  blocks  by  driving  two  places  slightly  in  advance  of 
the  block  face,  6  and  4  feet  wide,  respectively,  with  a  10-foot  pillar  between.  The 
first  place  acts  as  a  stable  for  the  machine  and  is  driven  by  the  machine.  The  air- 
way is  pick-mined,  and  one  man  manages  to  keep  these  other  places  going  on  the  rear 
end  of  both  blocks.    By  this  arrangement  no  cribbing  is  necessary. 

The  blocks  are  worked  to  within  25  feet  of  the  cross  heading,  when  the  conveyors 
are  removed  to  another  block.  The  remaining  pillar  is  brought  back  along  with  the 
heading  stumps. 

The  power  is  carried  to  the  top  of  the  block  heading  by  a  2-0  wire.  Here  are  attached 
two  insulated  twin  cables,  one  to  furnish  power  to  the  machines,  the  other  for  the 
drives  and  hoist. 
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The  cables  are  carried  down  the  block  heading,  one  on  each  nde  of  the  main  con- 
veyor, being  attached  to  it  by  means  of  malleable-iron  brackets.  At  the  junction  of 
the  conveyors  connections  are  made  with  the  drives,  also  with  a  cable  that  is  attached 
to  each  of  the  face  conveyors. 

Stations  are  established  60  feet  apart  on  the  ^e-conveyor  cables,  to  which  connec- 
tions are  made  with  the  short  cable  attached  to  the  long-wall  machines  and  electric 
drills.  Switches  are  placed  at  the  head  end  of  the  main  conveyor,  by  which  the  power 
is  controlled. 

The  method  of  handling  the  cars  to  the  conveyor  is  simple.  A  side  track  is  laid  300 
feet  long,  of  which  the  block  heading  is  the  center.  Connection  is  made  with  the 
main  track  at  the  lower  end,  and  a  crossover  switch  is  placed  directly  under  the 
conveyor.  At  the  upper  end  of  the  siding  is  placed  an  electric  hoist.  A  trip  of  14 
care  is  shoved  into  the  empty  track,  and  the  rope  is  attached  and  the  trip  pulled  up 
to  the  conveyor.  Signal  wires  are  hung  between  the  conveyor  and  the  hoist,  and  as 
each  car  is  loaded  the  trip  is  pulled  forward.  When  loaded  the  trip  is  dropped  on  tho 
loaded  siding,  the  rope  disengaged  and  attached  to  the  empties. 

The  crew  operating  a  double  block  consists  of  17  men — ^that  is,  block  boss,  machine 
runner  and  helper,  driller,  shooter,  two  conveyor  men,  hoist  boy,  five  loaders,  and 
four  timber  men. 

Two  long-wall  machines  are  used,  one  for  each  side,  although  one  machine  can 
keep  up  the  work  in  case  of  emergency. 

As  the  machine  men  finish  cutting  one  block  they  put  the  machine  in  position  to 
start  back  on  the  cut  and  move  over  to  the  next  block  and  begin  cutting.  They  are 
followed  by  the  shooter  and  loadere.  The  driller  sets  the  line  row  and  also  has  time 
to  assist  in  loading. 

When  a  block  is  cleaned  up  the  timber  men  move  up  the  conveyor,  set  the  break 
rows,  pull  the  timber,  and  make  everything  ready  for  the  conveyor  to  start  when  the 
opposite  block  is  loaded  out. 

The  main  conveyor,  which  is  made  up  of  12-foot  sections,  is  disjointed  about  every 
third  day,  and  one  of  the  sections  taken  out  and  moved  to  the  block  heading  next  to 
be  worked.  The  surplus  length  of  cable  is  gathered  on  a  reel  located  at  the  head  end 
of  the  main  conveyor. 

The  working  of  the  face  is  similar  to  that  of  the  single  block  with  the  exception  that 
the  machine  men,  loaders,  etc.,  continue  at  their  own  special  work  during  the  whole 
shift,  the  dead  work  being  taken  care  of  by  the  four  timber  men,  thus  not  hindering 
the  steady  flow  of  coal,  which  averages  150  tons  per  day. 

For  the  purpose  of  keeping  the  machinery  in  as  good  a  shape  as  possible,  a  skilled 
mechanic  is  attached  to  each  mine.  He  assumes  charge  in  case  of  an  accident  and 
makes  necessary  repaire,  although  most  of  the  breakdowns  are  easily  taken  care  of  by 
the  block  boss  and  machine  man. 

In  the  starting  of  a  block  is  where  the  best  results  are  obtained,  as  the  roof  requires 
little  attention  until  about  100  feet  have  been  extracted.  It  then  begins  to  weigh 
heavy  on  the  poets,  and  it  is  found  necessary  to  carry  three  or  four  double  break  rows 
in  anticipation  of  what  is  called  the  *  *  big  break.  * '  This  usually  occurs  when  the  block 
is  advanced  from  100  to  150  feet,  although  in  several  instances  a  500-foot  face  has  been 
carried  up  200  feet  before  the  overhanging  strata  broke.  After  the  sand  rock  is  down 
only  two  break  rows  are  carried,  and  the  roof  keeps  breaking  behind  the  last  row  as 
the  face  is  extended. 

The  men  are  paid  day  wages,  and  as  they  become  accustomed  to  the  work  and 
machinery  are  advanced  accordingly.  The  block  boss,  as  an  incentive  to  secure  the 
best  results,  is  paid  a  small  bonus  per  ton  besides  his  regular  day  rate. 

The  cost  averages  for  the  last  two  years  show  that  block  coal  is  loaded  on  the  mine 
cars  35  per  cent  cheaper  than  the  district  mining  rate,  but  this  cost  can  be  materially 
reduced  when  a  few  improvements  now  being  worked  out  are  brought  to  a  state  of 
perf ec  tion .  Among  these  may  be  mentioned  a  more  simple  mechanical  rig  for  spotting 
the  mine  care  and  a  scheme  for  reducing  the  amount  of  timber  used. 
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LITERATURE   ON   COAL  MINING. 

For  the  very  latest  information  and  statistical  data,  together  with 
brief  descriptions  of  the  conditions  of  mines,  improvements  made 
therein,  and  the  number  and  cause  of  accidents  by  years,  the  reader 
is  referred  to  the  annual  volume  entitled  ''Report  of  the  Department 
of  Mines,  Pennsylvania."  Most  of  the  area  included  in  the  Johnstown 
quadrangle  was  in  the  sixth  bituminous  district  of  the  State  when 
this  report  was  written.  For  information  regarding  coal-mining 
methods  in  general  the  reader  is  referred  to  the  ''Coal  and  metal 
miners'  pocket  book,''  ninth  edition,  1904,  pages  280  et  seq. 

CLAY  AND  SHALE. 
MODE   OF  TREATMENT. 

The  clay  materials  of  the  Johnstown  quadrangle  are  flint  clays, 
plastic  clays  (including  some  fire  clays),  and  shales. 

On  pages  14  to  28  of  this  bulletin  a  detailed  description  is  given 
of  the  rocks  in  which  the  workable  or  potentially  workable  shale 
and  clay  beds  are  found,  and  to  these  preliminary  descriptions  the 
reader  is  referred  for  an  explanation  of  the  names  which  are  applied 
to  the  beds  containing  the  clays  and  which  are  employed  in  the  fol- 
lowing discussions.  The  treatment  of  the  clays,  like  that  of  the  coal, 
will  be  twofold,  consisting  of  (1)  a  preliminary  description  of  their 
general  character  and  geologic  position,  followed  (2)  by  a  detailed 
description  by  districts,  intended  for  the  use  of  those  who  are  more 
particularly  interested  in  the  subject.  The  detailed  descriptions  will 
be  accompanied  by  analyses  and  sections.  The  distribution  of  the 
clay  beds  which  are  regarded  as  of  economic  importance  is  shown  on 
Plate  I  by  means  of  purple  lines. 

GENERAL  DESCRIPTION. 
FUHT  CLAT8. 

Flint  clays  occur  at  three  or  more  horizons  in  the  Johnstown  area. 
The  highest  is  in  the  Conemaugh  formation  and  ranges  in  position 
from  50  to  nearly  100  feet  above  the  Upper  Freeport  coal.  It  usually 
occurs  very  close  to  the  Mahoning  coal  in  the  hills  immediately  about 
Johnstown,  and  its  distance  above  the  Upper  Freeport  coal  is  there- 
fore nearer  50  to  75  feet  than  100  feet.  A  clay  in  a  similar  position 
with  respect  to  the  top  of  the  Allegheny  formation  was  also  observed 
in  the  hills  north  of  South  Fork.  It  appeared  to  be  of  the  ordinary- 
plastic  variety.  In  the  Blacklick  Creek  district,  near  Wehrum,  a 
flint  clay  has  been  observed  at  many  places  in  a  similar  position  with 
reference  to  the  Mahoning  sandstone  member.    This  flint  clay,  which 
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in  many  places  attains  a  thickness  of  7  feet,  is  probably  to  be  corre- 
lated with  the  flint  clay  occurring  near  Johnstown. 

In  the  Allegheny  formation  a  flint  clay  was  observed  near  the 
northwest  edge  of  the  quadrangle,  in  the  valley  of  Mardis  Run.  It 
occurs  25  feet  below  the  Upper  Freeport  coal  and  probably  corre- 
sponds with  the  Bolivar  flint  clay  of  the  area  to  the  west. 

The  most  important  flint  clay  in  the  entire  quadrangle  is  that  occur- 
ring at  the  Mercer  horizon  in  the  hills  about  South  Fork,  where  it  is 
associated  with  plastic  clay.  In  the  mine  of  J.  H.  Wickes  it  is  4^ 
feet  thick.  The  flinty  character  is  persistent  between  South  Fork  and 
Mineral  Point,  but  elsewhere  throughout  the  quadrangle  the  Mercer 
member  is  usually  characterized  by  a  band  of  shale  and  plastic  clay. 

PI.A8TI0  0LAT8. 

Plastic  clays  have  been  observed  at  many  horizons  in  the  Johns- 
town quadrangle.  At  only  a  few  places,  however,  are  their  position 
with  reference  to  transportation  facilities  and  their  thickness  such  as 
to  make  them  of  great  economic  importance.  A  few  plastic-clay 
beds  have  been  observed  in  the  Conemaugh  formation.  Many  of 
the  coals  in  the  Allegheny  formation  are  underlain  by  plastic  clays. 
The  clay  below  the  Upper  Freeport  is  of  workable  thickness  at  some 
places.  Below  the  ** cement  rock*'  associated  with  the  Upper  Kit- 
tanning  (Cement)  coal  a  deposit  of  clay  was  noted  at  some  places 
around  Johnstown.  The  most  important  plastic  clay  in  the  Allegheny 
formation  is  that  below  the  Lower  Kittanning  (Miller  or  B)  coal 
bed,  and  it  is  extensively  mined  around  Johnstown  and  South  Fork 
in  ^connection  with  that  coal.  It  is  mixed  with  the  flint  clay  from 
South  Fork  and  Dean  station  to  make  all  grades  of  fire  brick  and 
refractory  material  in  general.  This  clay  varies  in  thickness  from 
less  than  3  feet  to  12  feet,  of  which  from  2 J  to  5  feet  is  worked  in  the 
most  important  clay  mines  near  Johnstown.  At  Seward  12  feet  of 
clay  is  reported  below  the  Lower  Kittanning  coal,  but  of  this  thickness 
only  6  feet  is  mined  and  used  in  the  manufacture  of  buff  or  light- 
colored  brick. 

In  the  northern  part  of  the  quadrangle,  along  Blacklick  Creek  and 
at  Conemaugh  Furnace,  the  clay  below  the  Lower  Kittanning  coal  is 
of  workable  thickness,  and  there  is  no  reason  why  its  quality  should 
not  compare  with  that  of  the  plastic  clay  near  Johnstown  and  South 
Fork.  So  far  as  known,  however,  it  has  never  been  mined  in  con- 
nection with  the  coal  in  either  of  these  districts. 

The  lowest  plastic  clay  in  the  region  occurs  at  the  Mercer  horizon. 
This  clay  is  associated  wnth  and  occurs  immediately  above  the  flint 
clay  at  the  same  horizon  near  South  Fork,  Plastic  clay  of  Mercer 
age  is  also  found  on  Stony  Creek  in  the  hills  north  of  the  mouth  of 
Faint  Creek  and  farther  to  the  south.    It  is  also  present  in  the  hills 
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north  of  Sheridan  and  is  worked  at  a  quarry  in  this  locality.  The 
corresponding  clays  have  been  prdspected  but  are  not  worked  at 
present  on  the  west  slope  of  Laurel  Ridge,  a  few  miles  southeast  of 
Conemaugh  Furnace. 


In  the  Johnstown  quadrangle  valuable  shale  beds  are  scattered 
through  the  Conemaugh  and  Allegheny  formations,  and  in  the  Potts- 
viUe  formation  the  Mercer  member  is  nearly  everywhere  characterized 
by  the  presence  of  a  shale  bed  of  varying  thickness.  Near  Johns- 
town valuable  shale  beds  occur  in  the  lower  300  feet  of  the  Cone- 
maugh formation  and  are  worked  near  the  city.  The  higher  beds  of 
the  Conemaugh  are  exposed  in  the  railroad  cuts  west  of  Wilmore,  and 
the  numerous  shale  beds  there  included  (see  section,  p.  16)  insure  the 
presence  of  much  good  brickmaking  material  admirably  situated 
with  respect  to  transportation.  At  the  Bruce  H.  Campbell  quarry, 
north  of  Sheridan,  a  clay  that  is  associated  with  rounded  bowlders 
and  is  presumably  of  Pleistocene  age  is  worked  (PI.  V,  B),  Residual 
clays  are  so  widely  distributed  in  this  quadrangle  as  hardly  to  merit 
detailed  mention. 

DESCRIPTION   BY  DISTRICTS 
JOHHSTOWir  DISTRIOT. 

PUNT  CLAYS. 

Flint  clay  occurs  persistently  at  but  one  horizon  in  the  Johnstown 
district.  This  horizon  is  at  or  just  above  the  Mahoning  sandstone 
member  and  in  the  hills  surrounding  the  city  it  is  50  to  70  feet  above 
the  Upper  Freeport  (Coke  Yard)  coal.  Though  fairly  well  distrib- 
uted in  favorable  locations  for  easy  exploitation,  this  clay  is,  so  far 
as  known,  worked  only  by  the  Johnstown  Pressed  Brick  Company  at 
its  plant  on  a  hill  east  of  the  city.  A  section  of  the  rocks  in  the 
hill  will  show  the  position  of  this  clay  and  its  relation  to  the  imder- 
lying  coal,  which  is  at  the  top  of  the  Allegheny  formation. 

Section  of  lower  part  of  Conemaugh  formation  in  hill  east  of  Johnstown. 

Feet. 

Concealed,  and  sandstone  from  top  of  hill 91 

Shales 10 

Shales,  black 5 

Shales,  brick-red 40 

Concealed,  but  probably  shales 25 

Shales,  dull  olive,  weathering  reddish  o 25 

Shales,  olive  to  red 5 

Shales,  dark  olive  green,  slightly  gritty,  with  iron  oxide  and  man- 
ganese oxide  on  the  bedding  planes  « 13-15 

Sandstone,  laminated 15 

Shales 30 
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Ft.     in. 

Concealed,  but  with  a  eandstone  in  its  upper  part 42 

Flint  clay.« 

Shales 8 

Shales,  ferruginous 10 

Shales,  green,  concretionary 10 

Shales,  irregularly  bedded 5 

Shales,  sandy 8 

Sandstone,  massive  (Mahoning) 25 

Concealed 12 

Coal,  3  feet  6  inches. . I -T          _,         ^  .^  t     ^     ..       ,  o    ,i 

„         -  .     ,  >  Upper  Freeport  (Coke  Yard)  coal 3    11 

Fragments  of  flint  clay  have  been  seen  in  the  following  localities 
near  Johnstown :  On  the  road  ascending  Shingle  Run,  in  Dale  Bor- 
ough, east  of  Johnstown,  more  than  2  feet  of  flint  clay  associated  with 
shale  was  measured  60  feet  above  the  Mahoning  sandstone  member. 
An  old  prospect  hole  on  this  flint  clay  was  seen  on  the  road  leading 
to  Grandview  Cemetery,  in  which  the  clay  was  about  65  feet  above 
the  Upper  Freeport  (Coke  Yard)  coal;  it  was  of  a  light-straw  color 
and  appeared  to  be  of  good  quality.  On  the  Femdale-Johnstown 
road,  a  short  distance  north  of  the  Eighth  Ward  mine  of  the  Citizens 
Coal  Company,  an  abundance  of  flinty  clay  d6bris  occurs  above  the 
road  near  the  top  of  the  massive  Mahoning  sandstone.  In  the  hill 
above  the  Baltimore  and  Ohio  Railroad  tunnel  east  of  Island  Park, 
on  the  new  county  road,  some  flint  clay  was  observed  about  40  feet 
above  the  Upper  Freeport  coal  and  near  the  top  of  the  Mahoning 
sandstone.  Northwest  of  Johnstown,  in  the  hills  bordering  Laurel 
Run  and  its  branches  on  the  east,  a  short  distance  east  of  the  old 
coke  yard  from  which  the  Upper  Freeport  gets  its  local  name,  this 
flint  clay  is  exposed,  indicating  a  probable  continuity  of  the  bed  as 
far  west  as  the  valley  of  Laurel  Run.  Here  again  the  flint  clay  is 
about  50  feet  above  the  Upper  Freeport  coal.  Northwest  of  Johns- 
town, on  the  road  ascending  Pleasant  Hill  from  the  valley  of  Cone- 
maugh  River,  a  flint  clay  occurs  about  110  feet  above  the  Upper 
Freeport  coal  and  10  feet  below  a  smaller  bed  of  coal.  This  smaller 
bed  of  coal  may  possibly  be  higher  stratigraphically  than  the  seam 
70  feet  above  the  Upper  Freeport  at  the  Baltimore  and  Ohio  Rail- 
road tunnel  near  Island  Park;  if  so,  the  flint  clay  of  Pleasant  Hill  is 
higher  than  that  previously  described,  and  there  are  two  flint-clay 
horizons  in  the  100  feet  at  the  base  of  the  Conemaugh  formation. 
At  the  southern  edge  of  the  quadrangle,  in  Somerset  County,  in  the 
hills  bordering  Stony  Creek,  this  same  flint  clay  has  been  observed. 

Should  the  clay  after  careful  prospecting  prove  to  be  present  in 
sufficient  quantity  and  of  such  quality  as  to  justify  its  exploitation 
at  the  above-named  localities,  it  could  be  marketed,  as  most  of  the 

a  Beds  worked  for  brick  material. 
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occurrences  which  have  been  noted  are  conveniently  situated  with 
respect  to  transportation.     Deposits  of  this  clay  too  far  removed  ' 

from  market  and  transportation  to  have  commercial  value  have  also  • 

been  observed  on  the  headwaters  of  Mill  Creek  and  Dalton  Run.  I 

It  should  be  added  that  the  occurrences  noted  above  are  largely 
roadside  outcrops  at  which  it  is  impossible  to  determine  the  exact 
thickness  and  nature  of  the  clays.  Only  careful  prospecting  can 
determine  these  points,  but  the  fact  that  one  of  the  flint  clays  is 
being  exploited  at  one  locality  is  significant. 

PLASTIC  CLAT. 

The  flint  clay  above  the  Mahoning  sandstone  assumes  a  plastic 
phase  at  places  in  the  Johnstown  district.  Most  of  the  valuable 
plastic  clay  in  this  region,  however,  occurs  in  the  Allegheny  forma- 
tion C 'Lower  Productive  Coal  Measures").  At  a  few  places  a  clay 
bed  of  workable  thickness  occurs  below  the  Upper  Freeport  coal,  in 
connection  with  which  it  might  be  mined.  At  the  Cyrus  Shepard 
mine,  leased  by  L.  J.  Mitchell,  east  of  Franklin  and  near  the  mouth 
of  Clapboard  Run,  2  feet  4J  inches  of  clay  were  measured  by  Mr. 
Martin,  but  the  clay  is  known  not  to  be  persistent,  as  but  a  short 
distance  away  the  section  obtained  shows  an  entirely  different  aspect. 

A  clay  bed  underlies  the  Johnstown  limestone  member — that  is, 
the  limestone  occurring  near  or  just  below  the  base  of  the  Upper 
Kittanning  (Cement)  coal.  This  clay  has  been  worked,  but  it  is  not 
now  exploited.  It  is  referred  to  in  the  report  on  this  district  by 
F.  Piatt  and  W.  G.  Piatt  **  as  having  been  developed  by  Mr.  Haws, 
of  Johnstown.  The  clay  was  analyzed  by  T.  T.  Morrell,**  with  the 
following  results: 

Analysis  of  clay  occurring  below  the  Johnstown  limestone  member. 

Silica  (SiOj) 71.98 

Alumina  (AI2O3) 26. 29 

Ferric  oxide  (FejOs) 2.21 

Magnesia  (MgO) 44 

Manganese  dioxide  (MnOj) 32 

101.24 

The  most  valuable  clay  in  the  Allegheny  formation  is  that  under- 
lying the  Lower  Kittanning  (Miller)  coal.  Many  of  the  mines  work- 
ing this  coal  around  Johnstown  produce  also  considerable  amounts 
of  the  clay.  The  clay  bed  in  this  district  ranges  from  less  than  3  to 
about  6  feet  in  thickness,  but  locally  it  may  be  even  thicker  than  this. 
It  usually  underlies  the  lower  bench  of  the  Lower  Kittanning  coal, 
from  which  it  is  separated  by  a  few  inches  of  shale;  or,  in  the  absence 

a  Second  Oeol.  Soxrey  Pennsylvania,  Kept.  H2, 1876,  p.  148. 
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of  the  lower  bench;  it  occurs  below  the  main  coal  itself;  separated 
from  it  by  about  3  to  4  inches  of  bone  or  shale.  It  is  a  light-drab 
clay,  not  very  hard,  of  irregular  fracture,  greasy  to  the  touch,  and 
slakes  on  exposure  to  the  weather.  Its  composition  is  indicated  by 
the  following  analyses: 

Analyses  of  clay  underlying  the  Miller  seam. 


SIUca(aiO,) 

Alumina  (AltOi) 

Ferric  oxide  (FeiO*)... 

Magnesia  (MrO) 

Llme(CaO) 

8oda(NajO) 

Potash  (KtO) 

Titanium  oxide  (TiOi) 
Loss  on  ignition 


1. 

2. 

3. 

65.90 

66.40 

53.10 

20.30 

19.80 

27.80 

al.«0 

a  1.68 

a3.08 

.G6 

.61 

.60 

.09 

ao 

.22 

.34 

.30 

.48 

2.98 

3.24 

3.58 

1.20 

1.00 

1.20 

6.50 

6.40 

10.20 

09.57 

09.53 

loasG 

68.82 

20.85 

2.79 

.23 

.82 


MnOt  .66 
6.83 

100.00 


a  Total  iron  calculated  as  FexOi. 

1.  Cltliens'  Coal  Company's  Green  Hill  mine,  Johnstown:  E.  C.  Sullivan,  analyst. 

2.  A.  J.  Haws  &  Sons  (Limited)  mine,  near  the  stone  bridge,  Johnstown;  E.  C.  Sullivan,  analyst. 

3.  Seward  Coal  Company's  mine.  Seward,  Westmoreland  County,  Pa.;  E.  C.  Sullivan,  analyst. 

4.  Clay  underlying  the  tower  Kittanning  (Miller)  seam  at  Johnstown;  T.  T.  Morrell,  analyst.    Ssoond 
Qeol.  Survey  Pennsylvania,  Rept.  H2,  p.  148. 

This  clay  is  worked  about  Johnstown  by  W.  J.  Williams  at  Kem- 
yille.  Below  the  coal  at  the  Kemville  mine  there  is  a  shale  layer 
of  varying  thickness,  about  2  to  6  inches  in  places,  below  which  is 
from  3  to  5  feet  of  plastic  clay.  This  clay  is  mined  and  used  at  one 
of  the  local  brickyards.  At  the  Green  Hill  mine  of  the  Citizens'  Coal 
Company  the  average  thickness  of  the  underlying  clay  is  5  feet.  This 
also  is  shipped  to  a  local  brick  plant.  This  clay  is  mined  by  A.  J. 
Haws  &  Sons  (Limited),  both  at  their  shaft  near  the  famous  stone 
bridge  in  Johnstown  and  to  the  west  at  Coopersdale.  In  the  shaft 
workings  an  average  of  nearly  3  feet  is  worked.  At  Coopersdale  it 
averages  3  J  feet  in  thickness  but  in  places  runs  as  thick  as  5  feet. 
It  was  observed  in  the  mine  that  when  the  clay  attained  its  maximum 
thickness  the  coal  appeared  in  a  single  bench,  with  its  lower  4  or  5 
inches  bony.  At  both  the  Haws  mines  the  Lower  Kittanning  coal  is 
mined  with  the  clay,  and  is  used  as  the  fuel  to  bum  the  brick  at  the 
brick  plants  situated  at  the  mine  mouths.  The  clay  is  also  mined 
bv  Robertson  &  Griffith  on  St.  Clair  Run  in  connection  with  the 
overlying  coal. 

Nearly  all  the  product  of  the  Johnstown  clay  mines  is  used  at 
local  brick  plants,  where  it  is  mixed  with  flint  clay  from  the  Mercer 
horizon,  shipped  chiefly  from  South  Fork  and  Dean  station.  When 
thus  mixed  with  the  flint  clay  it  forms  a  suitable  bond  in  a  product 
that  is  used  in  the  manufacture  of  high-grade  refractory  products 
and  bricks  for  blast-furnace  and  open-hearth  work,  and  in  making 
sleeves,  nozzles,  tuyeres,  and  other  articles  exposed  to  high  tempera- 
tures.    In  the  most  refractory  products  nothing  but  flint  clay  is  used. 
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The  lowest  plastic  clay  in  the  Johnstown  quadrangle  is  associated 
with  the  Mercer  coal  and  is  not  exposed  immediately  about  the  city. 
In  the  hills  lying  east  of  Stony  Creek,  south  of  Kring,  on  the  Balti- 
more and  Ohio  Railroad,  this  horizon  has  been  prospected  and  some 
clay  and  shale  have  been  found,  but  they  have  never  been  worked. 
At  one  exposure  of  the  Mercer  south  of  the  quadrangle,  on  the  west 
flank  of  the  Ebensburg  anticlinal  axis,  more  than  11  feet  of  clays 
and  shales  were  measured  in  one  exposure.  Flint  clay  was  not 
observed  in  connection  with  the  Mercer  at  any  of  the  old  prospect 
pits. 

North  of  Sheridan,  at  the  quarry  of  Bruce  H.  Campbell,  the  fol- 
lowing section  was  measured,  showing  6  feet  and  possibly  more  of 
clay  below  the  Mercer  coal: 

Section  of  Mercer  ahale  member  at  Bruce  H,  Campbell  quarry,  north  of  Sheridan. 

Sandstone  in  maaeive  bowlders.  Ft.     in. 

Clay,  red,  with  rounded  bowlders  (Pleistocene?) 5-10 

Shalee 20 

Coal  and  bone 1    3 

Clay 6 

Shales 6 

0 

That  the  underlying  clay  and  shales  are  much  thicker  than  is 
indicated  by  the  above  section  has  been  proved  by  sinking  three 
test  holes.  Both  red  and  buff  building  bricks  are  made  from  the 
days  and  shale  quarried  here. 

SHALES. 

It  has  been  remarked  that  the  most  important  shale  horizons 
about  Johnstown  are  confined  to  the  lower  300  feet  of  the  Conemaugh 
formation.  The  section  given  on  pages  115-116  shows  the  character 
of  the  lower  400  feet  of  beds  in  this  group  of  rocks  in  a  hill  east  of 
the  city.  From  about  50  feet  above  the  top  of  the  Upper  Freeport 
(Coke  Yard)  coal  to  the  top  of  the  hill  numerous  promising  beds  of 
shale  are  exposed.  Most  of  the  shale  group  lying  between  165  and 
210  feet  above  the  Upper  Freeport  coal  is  being  worked  by  the 
Johnstown  Pressed  Brick  Company  into  a  good  building  brick  of 
both  the  buflf  and  red  varieties.  The  fuel  used  in  burning  the  brick 
is  obtained  from  the  Upper  Freeport  coal,  which  the  company  works 
in  the  same  hill.  The  shales  are  ground  through  a  12-mesh  sieve, 
or  to  a  size  to  make  them  ''ball/'  The  material  is  then  hoisted  by 
a  bucket-belt  conveyor  to  the  sieve,  thence  sent  through  a  hopper 
to  the  pans,  after  which  it  is  pressed  into  brick,  the  dry-press  process 
being  used. 

The  composition  of  the  shales  employed  is  indicated  below.  The 
shales  were  first  air  dried  and  then  subjected  to  the  usual  fusion,  with 
subsequent  analyses. 
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UitimaU  and  rational  analffu*  o/shaUs/rom  hill  east  of  Johnstown. 


8tlicm(SiOt) *    51.32 

Alumina  (AlaOa) ,    24.39 

a94 

.14 

.70 

1.73 

Trace. 

1.43 

.23 

1.09 

.92 

11.32 


Ferric  oxide  (FesOs) 
Ifansanese  oxide  (MnO) .. . 

Lliiie(CaO) 

Mai^Desia  (If^) 

Sulphuric  anhydride  (SOi). 
Fcnous oxide  (FeO) 


AIkalies{J^'*'^^> 


Water  at  100*  C. 
IgniUonloss 


Free  silica 

Clay  substance 

Feldspathic  substance. 


100.21 


64.29 

17.95 

&74 

Trace. 

.46 

1.30 

Trace. 

1.64 

.35 

1.80 

.95 

5.44 


99.92 


100.00  I  .100.00 


1.  Sample  collected  from  upper  shale  bed:  see  sectioa  (p.  115).    Analysis  made  at  the  structural-mate- 
rials laboratory  of  the  United  States  Geological  Survey  at  St.  Louis.    A.  J.  Phillips,  analyst. 

2.  Sample  collected  from  lower  shale  bed;  see  section  (p.  115).    Analysis  made  at  the  structural-mate- 
rials laboratory  of  the  United  SUtes  Geological  Survey  at  St.  Louis.    P.  H.  Bates,  analyst. 

In  Prospect  Hill,  north  of  Johnstown,  the  Cambria  Steel  Company 
has  quarried  shale  lying  about  80  to  100  feet  above  the  Upper  Freeport 
coal  and  utilized  it  in  connection  with  the  overlying  surface  clay  in 
the  manufacture  of  red  building  brick  of  good  quality.  The  brick 
plant  of  the  company  is  located  at  Cambria. 

The  geologic  structure  immediately  near  Johnstown  is  such  that 
the  beds  lie  fairly  flat  and  the  lower  few  hundred  feet  of  the  Cone- 
maugh  formation  is  exposed.  Sections  obtained  in  the  hills  around 
the  city  and  along  the  Pennsylvania  Railroad  to  the  west  indicate 
that  the  lower  part  of  this  formation  is  of  prevailingly  shaly  charac- 
ter, comparable  with  that  seen  in  the  hill  to  the  east.  It  is  therefore 
probable  that  a  great  deal  of  brickmaking  material  exists  in  these 
hills  which  lias  never  been  tested.  Though  all  this  shale  may  not  be 
of  the  grade  of  that  worked  by  the  Johnstown  Pressed  Brick  Com- 
pany, some  of  it  probably  is,  and  much  of  it  may  be  suitable  for 
paving  brick,  sewer  pipe,  fireproofing  of  various  sorts,  and  other 
rough  material.  All  the  shale  in  the  hills  about  the  city  and  to  the 
west  is  fairly  accessible  to  transportation,  and  cheap  fuel  is  assured 
by  the  presence  of  valuable  coal  beds  300  feet  or  more  below. 

The  lowest  promising  shale  horizon  in  this  district  is  associated 
with  the  Mercer  coal.  The  prospect  pits  on  the  Baltimore  and  Ohio 
Railroad  south  of  Kring  show  the  presence  of  dark  shales  at  this 
horizon.  At  points  north  of  Sheridan  the  Mercer  shale  is  thick  and 
is  worked  in  connection  with  the  overlying  Pleistocene  clays  at  the 
quarry  of  Bruce  H.  Campbell.  (See  PL  V,  5,  p.  28.)  The  section 
on  page  119  shows  20  feet  of  shales  overlying  the  coal,  and  the  thick- 
ness of  brickmaking  material  at  the  base  of  the  section  is  known  from 
test  holes  put  down  by  the  company  to  be  much  greater.  The  shales 
in  the  20-foot  bed  given  near  the  top  of  the  section  are  dark  brown 
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and  drab  in  color,  somewhat  sandy,  and  concretionary.  This  shale 
is  mixed  with  the  overlying  clay,  and  the  mixture  is  used  in  making 
a  buff  or  red  building  brick,  the  color  depending  on  the  proportions 
of  shale  and  clay  used.  The  beds  worked  at  this  quarry  rise  abruptly 
toward  the  west  at  a  rate  that  soon  carries  the  Mercer  horizon  with 
its  shales  over  the  tops  of  the  hills. 

Mr.  Martin  collected  a  sample  of  the  shale  from  this  quarry,  taking 
it  from  the  entire  width  of  the  exposure  and  then  mixing  it  with  the 
overlying  clay  in  the  proportion  of  2  parts  of  shale  to  1  of  clay.  The 
sample  was  analyzed  by  P.  H.  Bates,  of  the  structural-materials  labo- 
ratory of  the  Survey  at  St.  Louis,  with  the  following  results: 

TJltimaU  and  rational  analyses  of  shale  and  clay  from  Mercer  shale  member  ^  B.  H,  Campbell 

quarry ^  north  of  Sheridan. 

Silica  (SiOj) 62.86 

Alumina  (AljO,) 18. 85 

Ferric  oxide  (FejO,) 5.19 

Manganese  oxide  (MnO) 37 

Lime(CaO) 1.42 

Magneeia  (MgO) 98 

Sulphuric  anhydride  (SO,) 11 

Alkaliesi^^^^ ^ 

Alkalie8|j^^Q 2.59 

Water  at  100*  C 2. 27 

Ignition  loes 5. 45 

100.15 

Free  silica 27.  70 

Clay  substance 56.  41 

Feldspathic  substance 15. 89 

100.00 

BOnTH  FORK  DISTRICT. 
FLINT  CLAY. 

A  band  of  clay  that  occurs  in  the  Pottsville  formation  in  the  South 
Fork  district  has  been  worked  at  points  south  of  the  Pennsylvania 
Railroad  from  South  Fork  westward  beyond  Mineral  Point  and  also 
at  a  few  places  north  of  the  railroad.  In  this  district  this  clay  is 
characterized  by  a  persistent  flinty  streak.  This  clay  is  present  in 
the  hills  along  Conemaugh  River  in  an  area  extending  west  to  about 
1  mile  east  of  Conemaugh  station.  The  outcrop  is  continuous  except 
where  the  local  dips  and  change  in  direction  of  the  river  carry  it  below 
drainage.  The  flinty  clay  may  not  be  present  at  all  points  between 
Mineral  Point  and  Conemaugh.  For  example,  the  clay  observed  at 
this  horizon  in  the  tunnel  of  the  old  Portage  Railroad  is  not  particu- 
larly flinty  in  character.  From  Mineral  Point  to  South  Fork,  how- 
ever, the  flinty  character  is  persistent. 

This  flint  clay  is  now  worked  by  the  Garfield  Fire  Clay  Company 
near  the  viaduct  and  by  J.  H.  Wickes  and  the  South  Fork  Fire  Brick 


122      MINEBAL  BfiSOtJBCES  OP  JOHNSTOWN,  PA.,  AND  VICINITY. 

Company  west  of  South  Fork.    The  following  section  was  measured 
at  Mr.  Wickes's  mine: 


Section  o/Jire  clay  at  J.  If.  Wickes's  mtV,  South  Fork. 

Heavy  sandstone  roof.                                                                     Ft.  in. 

Clay,  plastic 3  6 

Coal 1-2 

Clay,  flint 4  6 

Sandstone. 

This  clay  was  also  worked  by  the  Page*Reigard  Mining  Company 
near  Mineral  Point  and  at  South  Fork,  but  in  July,  1904,  the  mine  at 
South  Fork  was  shut  down.  It  is  reported  that  the  plastic  clay  is 
persistent  but  that  the  thickness  of  the  flint  clay  is  variable,  dwin- 
dling to  14  inches  in  a  northeast-southwest  zone.  A  specimen  of  the 
clay  was  collected  in  October,  1906,  and  analyzed  by  A.  J.  Phillips  at 
the  structural-materials  laboratory  of  the  United  States  Geological 
Survey  at  St.  Louis.  This  analysis  (No.  1  in  the  table  below)  may  be 
compared  with  an  analysis  of  what  is  believed  to  be  clay  from  the 
Mercer,  taken  from  the  central  band  of  the  bed  worked  years  ago  near 
the  viaduct.  This  latter  clay  was  not  definitely  fixed  in  its  strati- 
graphic  relations  by  the  Platts.**  It  was  regarded  by  them  as  clearly 
underlying  all  the  workable  coals  and  as  being  connected  with  the 
''Conglomerate  Rock,'*  as  the  Pottsville  was  sometimes  called,  and 
as  being  the  equivalent  of  the  fire  clay  of  Sandy  Ridge,  which  is  known 
to  be  in  the  Mercer  member.  The  third  analysis  in  the  table  repre- 
sents clay  from  the  middle  layer  in  the  Sandy  Ridge  bed. 

Ultimate  and  rational  analyses  of  Mercer  clays. 


SlllcaCSiOt) 

Alumina  ( AltOs) 

Ferric  oxide  ( FejOi) 

Manganese  oxide  (MnO). . . 

Lime(CaO) 

Magnesia  ( MgO) 

Sulphuric  anhydride  (SOi) 
Ferrous  oxide 

AlkaUes|^^    ••  

Water  at  100*  cV." ." ." '. '. '. '. '. ". '. 
Ignition  ioss 

Free  alamina 

Clay  substance 

Feldspathic  substance 


1. 


44.30 

3&31 

1.40 

.10 

.82 

.59 

Trace. 

.71 

.22 

.17 

.75 

IZ77 


]0ai4 


3.88 
03.26 

2. 80 


loaoo 


2. 


45l42 

3a  80 

63. 33 

rf.48 

.87 

.45 


}■ 


«12.65 


loaoo 


3. 


44.960 
37.750 
e2.700 


.302 
.216 


985 


<  13. 050 


991953 


a  Second  Oeol.  Survey  Pennsylvania,  Rept.  112,  1875,  p.  14& 

6  Ail  iron  reported  as  peroxide  of  iron. 

e  Reported  "oxide  of  Iron." 

<f  Calculated  as  MnOi. 

<  Reported  as  water  and  organic  matter. 

1.  Flint  clav  ttom  Mercer  horizon,  A.  J.  Wtckes's  mine.  South  Fork;  A.  J.  Phillips,  analyst. 

Flint  clay  from  Mercer  horizon,  near  the  viaduct;  T.  T.  Morrell,  analyst,  Second  Oeol.  Survey  Pennsyl- 
vania, Rept  H«.  1875,  p.  147. 

3.  Fire  clay  oi  Sandy  Ridge;  A.  8.  McCreath,  analyst,  Second  Oeol.  Survey  Pennsvh'ania,  Rept.  II, 
1874,  p.  119. 


CLAY  AKD  SHALfi.  12d 

There  is  a  striking  similarity  among  these  analyses. 

At  South  Fork  the  clay  is  smooth,  hard,  compact,  light  to  dark 
gray  in  color,  breaks  with  a  conchoidal  fracture,  and  bums  to  a 
straw-yellow  color.  The  analysis  indicates  a  high-grade  material, 
with  perhaps  a  little  too  much  iron. 

The  clay  mined  at  South  Fork  is  in  part  shipped  to  Johnstown 
and  in  part  mixed  with  plastic  clay  from  the  Lower  Kittanning  seam 
and  used  at  the  local  brick  plant.  Some  of  the  products  of  this  flint 
clay  have  been  tested  for  refractoriness  at  the  plant  of  the  Cambria 
Steel  C!ompany  at  Johnstown  and  have  proved  highly  satisfactory. 

PLA8TI0  CLAT. 

About  South  Fork  a  plastic  clay  of  doubtful  value  has  been  ob- 
served at  a  few  places  near  the  top  of  the  Mahoning  sandstone;  its 
position  corresponds  with  that  of  the  band  of  flint  clay  in  the  Johns- 
town district.  The  clay  below  the  Upper  Freeport  (Lemon)  coal  bed 
is  fairly  thick  in  this  region,  but  it  is  not  worked  at  present.  At 
O.  M.  Stineman's  mine  No.  3  this  coal  is  underlain  by  2  feet  3  inches 
of  clay,  which  may  be  worked  at  some  future  time  in  connection 
with  the  coal.  This  clay  is  not  comparable  in  thickness  with  that 
which  directly  underlies  the  Lower  Kittanning  (Miller)  coal  seam, 
and  which  about  South  Fork,  as  near  Johnstown,  is  the  most  impor- 
tant plastic  clay  in  the  Allegheny  formation.  The  plastic  clay  asso- 
ciated with  the  Lower  Kittanning  coal  seam  is  usually  workable,  at 
some  places  having  a  thickness  of  6  to  8  feet  and  averaging  about 
3  to  4  feet  of  workable  clay  of  good  grade.  A  brief  note  on  the 
character  of  this  clay  will  be  found  in  the  description  of  its  occur- 
rence in  the  Johnstown  district  (p.  117),  where  analyses  also  are  given. 
There  is  every  reason  to  suppose  that  in  this  district  it  is  of  the  same 
quality  as  about  Johnstown.  Most  of  the  South  Fork  clay  is  mined 
in  connection  with  the  coal  and  is  used  almost  entirely  at  the  local 
brick  plant. 

SHALE. 

So  far  as  known  the  shales  in  the  South  Fork  district  have  not 
been  utilized.  In  the  two  large  cuts  west  of  the  town  of  Wilmore, 
on  the  main  line  of  the  Pennsylvania  Railroad,  shale  beds  are  exposed 
that  vary  in  position  from  400  to  675  feet  above  the  Upper  Freeport 
coal.  In  the  surrounding  hills  many  promising  shales  are  found 
conveniently  situated  with  respect  to  transportation.  Their  appear- 
ance indicates  that  they  may  be  adapted  to  the  manufacture  of 
paving  brick  and  other  materials  that  require  only  an  inferior  grade 
of  clay  or  shale;  to  determine  their  fitness  for  any  purpose,  however, 
practical  tests  must  be  made.  In  a  recent  cut  opposite  Ehrenfeld, 
along  the  new  county  road,  a  bed  of  shale  50  to  60  feet  thick,  lying 
60  feet  above  the  Upper  Freeport  coal,  also  appears  to  be  promising. 
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BLACKLICK  C&BBK  DISTRICT. 

The  South  Branch  of  Blacklick  Creek  flows  along  the  northern  edge 
of  the  Johnstown  quadrangle.  It  is  jomed  by  the  north  branch  a 
short  distance  west  of  Vintondale,  and  the  main  stream  flows  west- 
ward beyond  the  limits  of  the  area.  Deposits  of  flint  and  plastic 
clay  are  found  in  the  adjacent  hills  along  the  creek,  and  although 
many  of  these  are  conveniently  situated  with  respect  to  lines  of 
transportation  the  demand  has  not  yet  been  sufficient  to  justify 
their  exploitation. 

FLINT  CLAY. 

The  flint  clay  in  the  BlackUck  Creek  district  occurs  at  two  horizons. 
The  higher  is  found  in  the  lower  part  of  the  Conemaugh  formation, 
above  what  is  thought  to  be  the  equivalent  of  the  Mahoning  sandstone 
member  and  a  few  feet  below  a  small  coal  bed,  possibly  the  Mahon- 
ing coal.  This  flint  clay  has  been  observed  in  many  places  north, 
west,  and  south  of  Wehrum,  but  the  rise  of  the  beds  toward  the  east 
causes  a  gradual  increase  in  its  distance  from  the  valley  and  from 
transportation  faciUties  and  finally  its  complete  absence  from  the 
hills.  West  of  Wehrum,  however,  both  north  and  south  of  Blacklick 
Creek,  it  occurs  at  many  points,  having  in  places  the  imusual  thick- 
ness of  7  to  8  feet.  It  is  a  typical  flint  clay  in  appearance,  though 
its  content  of  iron  oxide  is  apparently  very  high.  A  sample  col- 
lected from  a  roadside  exposure  west  of  Dilltown  gave  the  following 
analysis : 

Partial  analy^in  of  flint  clay  from  a  natural  erposurr  vrst  nf  Dilltonm. 

[K.  C.  Sullivan,  analyst.] 

Silica  (Si02) 50.3 

Alumina  (AI0O3) 21.  3 

Ferric  oxide  (FcaOa )« 10.  4 

Magnesia  (MgO) 61 

Lime(CaO) 39 

Soda(Na.,0) 18 

Potash  (K,0) 1. 14 

Titanium  oxide  (TiOo) 90 

Loss  on  ignition 12.  00 

97.22 

The  percentage  of  fluxing  materials,  principally  iron  oxide,  indicated 
in  this  analysis,  is  so  high  as  to  prohibit  its  practical  use.  A  lower 
flint  clay,  lying  a  few  feet  below  what  may  prove  to  be  the  Upper 
Freeport  coal,  was  seen  at  a  few  places  in  the  valley  of  Mardis  Run, 
near  the  northwestern  edge  of  the  quadrangle.  This  day  may  corre- 
spond to  the  Bolivar  clay  of  the  region  to  the  southwest.  Two  feet 
of  clay  was  seen  at  one  point  on  the  outcrop  and  the  bed  may  possibly 
be  thicker.     This  clay  is  rather  remote  from  transportation. 

a  Total  Iron  calculated  as  FeiOs. 
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PLASnC  CLAY. 

The  coal  that  is  being  extensively  worked  in  the  valley  of  Blackhck 
Creek  is  regarded  as  the  equivalent  of  the  Lower  Eittanning  (Miller 
or  B)  seam  of  the  Johnstown  and  South  Fork  districts.  In  the  Black- 
lick  Creek  district,  as  well  as  along  Conemaugh  River,  this  coal  is 
underlain  by  a  promising  clay  bed.  This  clay  is  not  exploited  at 
present,  and  no  certain  measurement  of  its  thickness  was  obtained. 
At  many  of  the  mines  2  feet  or  more  of  promising  clay  was  seen, 
coniparable,  in  appearance  at  least,  with  that  in  the  Johnstown 
district. 

XISCBLLAHSOTTS  LOCALITIES. 

Along  the  western  flank  of  Laurel  Ridge,  near  the  line  of  the  Penn- 
sylvania Railroad,  the  Lower  Kittanning  (Miller)  coal  has  been 
opened  at  a  few  places  and  the  clay  underlying  it  found  to  be  of 
workable  thickness.  At  the  coal  mine  of  the  Johnstown  Coal  Com- 
pany more  than  2  feet  of  clay  was  seen;  and  near  Seward,  beyond 
the  western  limits  of  the  quadrangle,  12  feet  of  clay  occurs  in  the 
same  position,  6  feet  of  which  is  worked  by  the  Seward  Brick  Com- 
pany.** 

About  2  miles  southeast  of  Conemaugh  Furnace,  on  the  main  line 
of  the  Pennsylvania  Railroad  and  south  of  it,  the  Conemaugh  Stone 
Company  has  done  considerable  quarrying  in  the  Pottsville  and  has 
exposed  the  Mercer  shale  member.  The  following  section  was 
measured  but  does  not  show  the  complete  thickness  of  the  clay: 

Section  shotuing  Mercer  shale  member  and  accompanying  clays  at  quarry  of  Conemaugh 

Stone  Company. 

Ft.  in. 

Shale,  dark,  with  2  inches  of  bone  near  base 3 

Fire  clay 1 

Clay,  sand  y 1 

Clay,  good,  drab 1 

Coal  or  smut J 

Clay,  drab 5+ 

PRODUCTION. 

The  firms  named  below  are  engaged  in  the  brick  and  clay  industry 
in  this  area.  In  addition  coal  companies  mining  the  Lower  Kittan- 
ning coal  about  Johnstown  and  South  Fork  may  produce  small 
quantities  of  the  underlying  clay  for  use  in  the  local  brick  plants. 

Clay  miners: 

Page-Reigard  Mining  Company,  flint  clay,  Mineral  Point. 

W.  J.  Williams,  plastic  clay,  Kemville. 

Citizens'  Coal  Company,  plastic  clay,  Green  Hill  mine,  Johnstown. 

Robertson  &  Griffith,  plastic  clay,  St.  Clair  Run,  Morrellville. 

^^— — ,  ^j 1  I  .  -    — ^ — " — " 

a  For  an  aoalysiB  of  the  clay  underlying  the  coal  mined  at  Seward,  see  p.  118. 
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Manufacturers  of  fire  brick: 

A.  J.  Haws  &,  Sons  (Limited),  Johnstown  and  CoopeFsdale. 

Hiram  Swank  Sons,  Johnstown. 

South  Fork  Fire  Brick  Company,  South  Fork. 
Manufacturers  of  building  brick: 

Cambria  Steel  Company,  Johnstown. 

Bruce  H.  Campbell  Brick  Company,  Sheridan. 

Johnstown  Pressed  Brick  Company,  Johnstown. 

BRICK   INDUSTRY. 

The  brick  industry  in  the  vicinity  of  Johnstown  has  grown  to 
considerable  magnitude.  Some  of  the  flint  clay  used  in  the  manufac- 
ture of  the  fire  brick  and  other  more  refractory  products  is  shipped 
from  other  parts  of  the  State,  but  except  for  this  most  of  the  raw 
material  used  is  of  local  occurrence. 

LIMESTONB  AND  CEMENT  MATERIALS. 

EXTENT. 

In  the  Conemaugh  formation  of  western  Pennsylvania  numerous 
limestone  members  have  been  found  and  traced  with  certainty  over 
broad  areas.  These  have  been  proved  to  be  so  constant  in  their  posi- 
tion in  the  geologic  column  that  they  have  been  named  and  have 
served  as  guides  in  imraveling  the  stratigraphy.  Some  of  these  are 
the  Pittsburg,  Clarksburg,  Elk  Lick,  Ames  or  "Crinoidal,''  and 
Upper  and  Lower  Cambridge  limestone  members  of  the  Allegheny 
Valley,  and  the  Johnstown  iron-ore  bed,  which  is  in  places  nothing 
more  than  a  ferruginous  limestone  at  an  inconsiderable  distance 
from  the  outcrop.  Some  of  these  limestones  undoubtedly  occur  in 
the  Johnstown  quadrangle.  Actual  correlation  has  not  been  made, 
however,  partly  because  the  limestones  in  the  quadrangle  are  regarded 
as  lenticular  and  partly  because  they  are  so  numerous  that  they  can 
not  be  correlated  certainly  with  the  persistent  and  characteristic 
limestones  of  the  Allegheny  Valley. 

The  limestones  of  the  Conemaugh  are  of  no  importance  whatever 
commercially  and  have  never  been  used  except  for  fertilizing  pur- 
poses on  a  very  small  scale.  The  limestones  in  the  Allegheny  are  of 
greater  importance  than  those  in  the  Conemaugh.  They  are  three 
in  number — the  Upper  Freeport  limestone  member,  the  Lower  Free- 
port  limestone  member,  and  the  Johnstown  limestone  member. 

UPPER    FREEPORT    LIMESTONE    MEMBER. 

The  Upper  Freeport  limestone  member  appears  in  the  section  only 
near  wSouth  Fork  and  Ehrenfeld.  A  short  distance  east  of  Ehrenfeld 
it  is  exposed  in  some  recent  excavations  along  the  main  line  of  the 
Pennsylvania  Railroad,    It  is  a  gray  limestone  from  1^  to  3  feet  in 


LIMESTONE  AND  CEMENT  MATEBIALS.  127 

thickness  and  at  Ehrenfeld  it  is  very  irregularly  bedded.  It  lies  a 
short  distance  below  the  Upper  Freeport  coal,  being  separated  from 
it  by  about  2  feet  of  clay  containing  limestone  nodules  in  its  lower 
foot.  So  far  as  known,  this  particular  limestone  has  never  been  used 
in  this  area. 

LOWER   FREEPORT   LIMESTONE   MEMBER. 

The  Lower  Freeport  limestone  member  occurs  either  directly 
below  or  within  a  foot  of  the  base  of  the  Lower  Freeport  coal,  the 
slight  interval  as  a  rule  being  occupied  by  black  shale.  It  ranges 
from  1  i  to  nearly  4  feet  in  thickness.  The  best  exposures  in  the  quad- 
rangle occur  along  Stony  Creek  (PI.  IV,  A,  p.  24)  and  the  Baltimore 
and  Ohio  Railroad  between  Moxhom  and  the  mine  of  the  Valley  Coal 
and  Stone  Company.     This  limestone  has  never  been  used  in  any  way. 

JOHNSTOWN    LIMESTONE   MEMBER. 

The  limestone  occurring  below  the  Upper  Kittanning  or  Cement 
coal  is  known  locally  as  the  Johnstown  cement  bed.  It  is  best 
developed  along  Stony  Creek  and  may  be  seen  to  advantage  on  the 
Baltimore  and  Ohio  Railroad  north  of  Kring,  where  it  is  6  feet 
thick  and  is  separated  from  the  coal  by  8  to  12  inches  of  shale.  Along 
the  spur  track  leading  from  the  north  end  of  the  Baltimore  and  Ohio 
tunnel  to  the  mine  of  the  Valley  Coal  and  Stone  Company  it  is  also 
conspicuous  but  slightly  thinner.  (See  PL  VII,  A^  p.  48.)  The  sec- 
tions measured  by  hand  level  (see  pp.  44  and  47)  indicate  the  relations 
of  this  limestone  and  show  its  thickness  where  measured  in  this  part 
of  the  quadrangle.  The  bed  is  nearly  8}  feet  thick  near  Conemaugh 
depot  and  nearly  5  feet  in  the  section  along  the  Pennsylvania  Rail- 
road to  the  west,  approaching  Johnstown  depot.  To  the  east,  on 
Conemaugh  River,  it  is  exposed  just  at  the  northwest  apex  of  the 
first  big  meander.  It  must  be  thick  in  all  the  intermediate  territory. 
Its  outcrop  along  Stony  Creek  near  the  Rolling  Mill  mine  of  the  Cam- 
bria Steel  Company  is  also  conspicuous.  Northwest  of  Johnstown, 
near  the  old  Cambria  furnace  and  at  the  east  base  of  Laurel  Hill,  it 
outcrops  and  shows  just  above  the  waters  of  Laurel  Run.  Here  it  is 
a  bluish  limestone  with  a  few  streaks  of  calcite.  It  is  present  but 
not  very  thick  near  South  Fork,  and  is  also  reported  near  Scalp  Level, 
just  across  the  Somerset  County  border. 

In  the  reports  of  the  Second  Geological  Survey  of  Pennsylvania** 
this  bed  is  called  the  '*  Ferriferous  limestone,"  but  its  identity  with 
the  limestone  of  the  same  name  of  the  Allegheny  Valley  was  left 
open  for  more  complete  and  harmonious  evidence  than  was  available 
when  the  report  on  Cambria  and  Somerset  counties  was  written. 

a  Kept.  H2, 1877,  pp.  IW  6t  aeq. 
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The  limestone  at  this  horizon  was  worked  at  one  time.  In  the 
report  of  the  Second  Geological  Survey,  Piatt  mentions  the  Haws 
Cement  Works  as  utilizing  this  rock  occurring  on  Stony  Creek  not 
far  from  the  Rolling  ^lill  mine.  He  describes  it  as  being  bluish  gray 
in  color,  hard,  and  brittle,  showing  small  crystals  of  iron  pyrites,  and 
containing  considerable  clay.  The  deposit  worked  was  dolomitic 
in  character.  The  sample  collected  near  Kring  for  analysis  is  also 
dolomitic  in  character.  (See  analysis  1.)  Such  high  magnesian 
limestones  have  been  used  in  the  manufacture  of  natural  cements 
near  Utica,  La  Salle  County,  111.,  in  the  Louisville  district  of  Indiana 
and  Kentucky,  and  in  the  Rosendale  district,  Ulster  County,  N.  Y. 
The  magnesia,  in  natural  cements  at  least,  may  be  regarded  as  equiva- 
lent to  lime  so  far  as  the  hydraulic  properties  of  the  product  are 
concerned.  The  presence  of  magnesium  carbonate  in  a  natural 
cement  rock  is  merely  incidental,  while  the  silica,  alumina,  and  iron 
oxide  are  essential.  For  comparison  average  analyses  of  limestones 
from  the  different  districts  mentioned  above  are  given  below, 
together  with  that  of  the  limestone  near  Johnstown: 

Analyses  of  limestones  suitable  for  making  cement. 


Silica  (SlOt) 

Alumina  (AljOa) 

Ferric  oxide  ( Fe20i) 

Manganese  oxide  (MnO). . . 

Linie(raO) 

Magnesia  (MkO) 

Sulphuric  annydride  (SO3). 

a>m-{k:6*!  :;:::: ::::::: 

Water  at  100*  C 

Ignition  loss  (includes  COj) 


1. 


14.44 

7.82 

1.54 

.20 

25.05 

13.29 
.15 
.28 
.86 
.28 

3(i.  48 


2. 


} 


2a  92 
2.35 


26.32 

12.10 

a  1.81 

CIS 
30.  73 


3. 


{ 


13.34 
3.46 
1.90 


31.49 
11.19 


e  37. 07 


18.04 
6.18 
2.63 


25.23 
12.47 
t>.79 
n.  d. 
D.  d. 
dl.20 
\«33.31 


a  Average  of  two  analyses. 
b  Average  of  five  analyses, 
c  Average  of  two  analyses,  one  of  which  is  too  low. 


d  Result  of  one  analysis. 
'  Includes  only  COj. 


1.  Sample  collected  on  Baltimore  and  Ohio  Railroad  north  of  Kring.     Analysis  made  at  structural- 
materials  testing  laboratory,  United  States  Geological  Survey,  St.  Louis.  Mo.     A.  J.  Phillips,  analyst. 

2.  Average  of  five  analyses  of  natural  cement  rocks,  Utica,  111.    Eckel,  E.  C,  Bull.  U.  S.  Geol.  Survey 
No.  243,  1905,  p.  340. 

3.  Average  of  six  analyses  of  natural  cement  rocks,  Louisville  district,  Indiana-Kentucky.    Eckel,  E.  C, 
Bull.  U.  S.  Geol.  Survey  No.  243,  1905,  p.  341. 

4.  Average  of  six  analvses  of  natural  cement  rocks,  Rosendale  district,  New  York.    Eckel,  E.  C,  Bull. 
U.  S.  Geol.  Survey  No.  243.  1905,  p.  34«. 

The  close  agreement  among  the  foregoing  analyses  strongly  suggests 
that  the  Johnstown  limestone  member  may  be  of  value  in  the  future 
for  local  use  only  in  making  natural  cement.  Its  cementation 
index  is  1.14,  which  places  it  in  class  A,  according  to  the  scheme  of 
E.  C.  Eckel."  According  to  Eckel,  products  having  an  index  between 
1.00  and  1.15,  when  burned  at  sufficiently  high  temperature,  are 
slow  setting  and  high  in  tensile  strength.  They  include  the  ''natural 
Portlands"  and  allied  products.     If  not  burned  high  enough,  cements 


a  Cements,  limes,  and  plasters,  1905,  pp.  198-199. 
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of  such  low  index  will  contain  free  lime  and  magnesia.  This  par- 
ticular product  near  Johnstown  stands  near  class  B  (in  which  the 
cementation  indexes  run  from  1 .15  to  1 .60) .  In  this  class  are  included 
most  American  natural  cements  and  neariy  all  European  Roman 
cements.  As  a  rule  it  is  not  necessary  to  bum  these  products  at  so 
high  a  temperature  as  those  in  class  A. 

The  composition  of  the  Johnstown  limestone  member  differs  from 
place  to  place,  as  the  following  analysis  of  a  sample  collected  from 
the  vicinity  of  Mineral  Point  shows.  This  sample  is  low  in  alumina, 
magnesia,  and  silica  and  high  in  lime  and  differs  from  the  material 
of  the  corresponding  bed  near  Johnstown: 

Analysis  of  cement  rock.  Mineral  Point. 

Sample  collected  by  Lawrence  Martin  near  Mineral  Point.    Analysed  at  structural-materials  laboratory, 

United  States  Geological  Survey,  St.  Louis.    A.  J.  Phillips,  analyst.] 

Silica  (SiOa) 4.97 

Alumina  (AlA) 2.57 

Ferric  oxide  (FejOj) 56 

Manganese  oxide  (MnO) 48 

Lime(CaO) 48.36zb 

Magnesia  (MgO) 1.  21db 

Sulphuric  anhydride  (SO3) 13 

AlkaliesP^^ ^^ 

Ailtaiie8|j^  () ^3 

Water  at  lOO**  C 09 

Ignition  kws 41. 17 

The  addition  of  clay  or  shale  of  proper  composition  would  be 
necessary  to  bring  rock  of  the  composition  shown  above  to  that  of 
a  Portland  cement.  It  is  almost  certain  that  suitable  clav  or  shale 
exists  in  the  locality.  The  comparative  thinness  of  the  bed  will 
militate  against  its  extensive  use.  After  it  has  been  worked  some 
time  along  its  outcrop  it  will  have  to  be  mined  underground.  The 
expense  attached  to  such  operations  would  prevent  competition 
except  for  purely  local  purposes. 

BTJIIJ>INO  STONB,  PAVING  BLOCKS,  AND  CONCRETE  MATERIALS. 

The  only  rock  suitable  for  building  stone  in  the  Johnstown  quad- 
rangle is  sandstone,  and  of  this  rock  there  is  a  great  abundance. 
Locally  it  has  proved  of  great  value  in  the  construction  of  culverts, 
bridges,  etc.,  along  the  Pennsylvania  Railroad  and  in  the  construc- 
tion of  dwellings;  but  as  a  rule  it  will  not  bear  the  cost  of  very 
distant  transportation.  The  gate  at  the  entrance  to  Grandview 
Cemetery,  Johnstown,  is  an  example  of  the  application  of  this  local 
rock  for  construction  purposes. 

The  sandstones  of  the  Coneraaugh  have  been  used  in  certain  parts 
of  the  quadrangle  in  the  construction  of  dwellings.     In  the  north- 

69516'— Bull.  447—11 ^9 
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eastern  part  the  Morgan  town  C*Ebensburg'*)  sandstone  member 
has  been  so  used  with  very  satisfactory  results.  In  the  hills  about 
Johnstown  the  Mahoning  sandstone  member  is  exceedingly  massive 
in  places  and  is  capable  of  furnishing  dimension  stone  of  sizes  suit- 
able for  the  foundations  of  houses  and  for  culverts,  bridges,  chimneys, 
etc.  A  great  deal  of  this  sandstone  has  been  quarried  from  the  out^ 
crops  of  tlie  Mahoning  sandstone  member,  especially  in  the  hills  east 
of  the  city,  and  used  for  the  purposes  enumerated. 

The  Pottsville  formation  is  made  up  almost  entirely  of  sand- 
stone. It  has  been  quarried  along  the  main  line  of  the  Pennsylvania 
Railroad  and  used  for  construction  purposes  and  in  the  manufacture 
of  concrete.  The  Conemaugh  Stone  Company  formerly  quarried  it 
for  use  in  construction  along  the  Pennsylvania  Railroad  from  a 
quarry  on  the  south  side  of  Conemaugh  River,  a  few  miles  southeast 
of  Conemaugh  Furnace.  The  Pottsville  formation  outcrops  along  the 
Pennsylvania  Railroad  also  near  South  Fork,  Mineral  Point,  and  east 
of  Johnstown,  also  on  the  Baltimore  and  Ohio  Railroad  near  Paint 
Creek  and  farther  south.  The  sandstone  is  in  most  of  these  locali- 
ties a  pure  coarse-grained  or  gritty  rock,  usually  weathering  to  a 
gray  or  gray-white  rock  of  pleasing  appearance.  It  seasons  rapidly 
and  firmly  and  withstands  tlie  eroding  action  of  the  elements  in  a 
manner  to  make  it  of  great  value  as  a  building  stone. 

West  of  Coopersdale  the  sandstones  of  the  Pottsville  formation  are 
quarried  and  crushed  for  use  in  concrete.  The  quarry  is  owned  by 
A.  B.  Cooper,  who  also  controls  a  quarry  on  the  Loyalhanna  lime- 
stone member  in  the  lower  part  of  the  hill.  The  limestone  is  crushed 
for  use  in  concrete  and  is  also  used  for  paving  blocks.  The  quarry 
on  the  sandstone  is  located  a  few  hundred  feet  above  the  tracks  of  the 
Pennsylvania  Railroad  on  the  north  side  of  the  river.  The  sandstone 
is  very  pure  and  is  decidedly  coarse  grained  to  gritty  in  texture.  It  is 
blasted  out  without  much  regard  to  the  size  or  shape  of  the  product, 
the  only  requirement  being  that  the  fragments  be  as  small  as  pos- 
sible. The  larger  pieces  are  broken  up  and  the  stone  is  removed  to 
the  mill  on  the  railroad  by  means  of  small  care  moving  on  an  inclined 
plane  and  controlled  by  a  stationary  engine  at  its  foot.  At  the  mill  the 
sandstone  is  crushed  by  two  crushers  having  a  capacity  of  IDO  and  300 
tons  a  day  of  ten  hours.  It  is  then  conveyed  to  a  wet  pan,  in  which 
it  is  further  reduced  in  size  and  thence  passed  through  screens  of  the 
proper  size,  from  which  it  is  conveyed  by  a  bucket  conveyor  directly 
to  the  cars. 

Another  rock  used  in  the  manufacture  of  concrete  is  the  Loj'-alhanna 
limestone  member,  which  (see  p.  29)  occurs  at  the  top  of  the  Pocono 
formation.  It  is  about  45  feet  thick  in  the  Johnstown  quadrangle. 
It  is  not  a  true  limestone  but  rather  a  sandy  limestone.     It  weathers 
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in  a  peculiar  and  characteristic  way,  well  shown  in  Plate  VI,  A, 
page  28.  This  siliceous  limestone  is  quarried  and  split  into  paving 
blocks  which  give  satisfaction,  and  is  crushed  for  use  as  ballast  in  rail- 
road beds.  For  both  uses  it  is  well  adapted,  as  its  calcareous  portion 
on  solution  and  recrystallization  tends  to  bind  the  fragments  solidly 
.together  and  yet  leaves  sufficient  space  between  them  to  allow  the 
free  circulation  of  water.  The  siliceous  limestone  exposed  near  the 
viaduct  between  Mineral  Point  and  South  Fork  has  also  been  quarried 
for  paving  blocks. 

GLASS  SAND. 

The  question  has  been  raised  whether  the  pure  sandstone  occurring 
in  the  Pottsville  formation  in  the  Johnstown  quadrangle  might  not  be 
used  in  the  manufacture  of  glass,  especially  bottle  glass.  Sand  or 
crushed  sandstone,  as  is  well  known,  is  the  major  constituent  of  glass, 
forming  from  52  to  65  per  cent  of  the  mass  of  the  original  mixture,  or 
from  60  to  75  per  cent  of  the  finished  product.  To  the  sand  is  due  the 
absence  of  color  (according  to  its  purity),  the  transparency,  brilliancy, 
and  hardness  of  glass.  For  the  finest  flintware,  such  as  optical  and 
cut  glass,  only  the  purest  sand  can  be  employed.  For  plate  and  win- 
dow glass,  which  are  commonly  pale  green,  absolute  purity  is  not 
essential,  but  generally  the  sand  should  not  carry  more  than  0.2  per 
cent  of  iron  oxide.  Green  and  amber  glass  for  bottles,  jars,  and  rough 
structural  work  can  be  made  from  sand  relatively  high  in  impurities, 
but  an  excess  of  iron  is  to  be  avoided  by  careful  selection.  Washing 
may  be  necessary  to  remove  the  iron,  and  magnetic  separation  may 
have  to  be  emploj'-ed.  Clay  in  the  raw  material  is  objectionable,  as 
it  clouds  the  glass,  but  it  may  be  removed  in  part  by  washing.  Mag- 
nesia is  troublesome  because  it  makes  the  batch  difficult  to  fuse.  If  a 
sandstone  is  used  as  a  source  of  glass  sand,  it  should  be  friable,  so  as 
to  be  readily  crushed. 

The  sandstone  derived  from  the  Pottsville  formation  is  in  its  original 
form  a  massive  rock,  in  some  places  friable  but  in  others  not;  the  less 
friable  portions  are,  however,  readily  crushed.  In  many  parts  of  the 
quadrangle  the  sandstone  of  the  Pottsville  fills  all  the  requirements 
of  a  glass  sand  foP  the  manufacture  of  bottles,  jars,  and  rough  struc- 
tural material;  where  the  amount  of  oxide  of  iron  is  excessive  it  may 
be  corrected  by  the  addition  of  small  amounts  of  manganese  dioxide 
or  other  decolorizing  agents.  The  following  analysis  of  a  sample  of 
friable  sandstone  from  the  Pottsville  formation,  collected  on  the  west 
flank  of  Laurel  Ridge,  not  far  from  Seward,  shows  the  character  of  this 
sandstone  at  this  point,  and  it  is  quite  probable  that  sandstone  of 
equally  great  purity  may  be  collected  at  other  points  where  the  Potts- 
ville outcrops  in  this  area : 
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Analytisof  glass  sand  from  Pottsville  formation  on  west  flank  of  Laurel  Ridge,  near  Seu^rd. 

(Hade  by  A.J.  PhlUlpaat  the  structural^ixiaterials  testing  laboratory  of  the  I'ntted  States  Geological 

Survey  at  St.  Louis,  Mo.] 

Silica  (SiOj) 97.54 

Aluinina  (AljOj) '..l 81 

Ferric  oxide  (FcaOa) 09 

Lime(CaO) 1.04 

Magnesia  (MgO) .06 

INaaO 02 


Alkalies  ,,^  ^  ,^ 

.  lo 


INaaO 

Water  at  lOO**  ( - 03 

Ignition  loee 49 


100.24 

The  amount  of  impurities  is  notably  small.  Iron  oxide  falls  well 
within  the  outside  limits  demanded  for  bottles,  jars,  and  rough  struc- 
tural material.  The  amount  of  clayey  material  is  very  small,  as  is 
also  the  magnesia. 

The  sandstone  of  the  Pottsville  should  offer  no  serious  obstacle 
to  being  ground  to  the  requisite  fineness  (say  to  pass  through  a  20  to 
50  mesh  sieve).  In  prospecting  for  glass  sand  only  the  clearest  and 
whitest  sand  should  be  selected,  and  before  exploitation  complete 
quantitative  analyses  and  furnace  tests  of  representative  samples 
should  be  made. 

IRON  ORES. 
HISTORY. 

But  one  bed  of  iron  ore  in  the  Johnstown  quadrangle  deserves 
mention,  and  that  one  is  now  of  historic  interest  only.  The  interest 
attached  to  the  ore  is,  however,  great,  for  its  presence  in  the  hills  near 
Johnstown  was  perhaps  the  main  factor  in  determining  the  location 
of  the  present  great  plant  of  the  Cambria  Steel  Company,  which 
sought  this  position  for  its  works  owing  to  the  close  association 
between  the  ore  and  the  underh'ing  coal  beds.  With  the  appearance 
of  the  cheap  Lake  ores  on  the  market  the  Johnstown  iron  ore  ceased 
to  be  of  importance.  At  present  it  is  not  worked,  and  very  little  first- 
hand information  is  to  be  obtained  regarding  it.  The  following  notes 
are  simply  a  compilation  from  the  report  of  the  Second  Geological 
Survey  of  Pennsylvania  "  and  are  given  here  to  make  this  report  of 
the  mineral  resources  of  the  Jolinstown  quadrangle  complete 

JOHNSTOWN   ORE    BED. 
EXTENT. 

The  Johnstown  ore  bed  is  found  in  the  center  of  the  Johnstown 
Basin.  Its  eastern  outcrop  appears  a  short  distance  west  of  Cone- 
jnaugh  depot,  where  it  occupies  a  position  well  up  on  the  hillsides 

a  Rept.  112, 1875,  pp.  Ill,  112, 118et  seq. 
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above  the  railroad.  Thence  it  descends  slowly  westward,  approaching 
water  level  at  Hinckston  Run,  and  after  crossing  the  synclinical  axis 
it  again  rises  toward  the  Laurel  Ridge  anticline  and  comes  to  the 
surface  on  the  eastern  flank  of  Laurel  Ridge.  In  the  hills  along  the 
south  bank  of  the  Conemaugh  it  has  never  been  found,  although 
repeated  search  has  been  made  for  it.  Its  horizon  has  been  deter- 
mined may  times  and  the  vertical  distance  between  it  and  the  upper 
Freeport  (Coke  Yard)  coal  has  been  accurately  measured.  At 
Johnstown  this  interval  is  about  50  feet.  This  same  iron-ore  bed  is 
known  to  exist  on  Mill  Creek  southeast  of  Johnstown,  where  it  was 
benched  for  many  years  prior  to  1876  by  Dr.  Schoenberger,  the  ore 
furnishing  the  material  on  which  two  small  furnaces  were  run.  The 
same  ore  was  mined  near  and  smelted  at  the  old  Cambria  furnace, 
near  the  base  of  Laurel  Hill. 

CHABACTER  OF  THB  ORE. 

The  ore  bed  at  the  opening  of  the  Cambria  Company's  mine  on  the 
west  bank  of  Hinckston  Run  was  divided  into  two  bands  by  a  stratum 
of  fire  clay  or  shale  which  ranged  from  an  inch  to  a  foot  in  thickness 
and  which  crumbled  when  exposed  to  the  w^eather,  losing  its  water 
slowly  and  changing  in  color.  The  upper  bench  was  much  richer  in 
iron  than  the  lower,  the  latter  being  calcareous;  but  the  ore  from  both 
benches  contained  sufficient  lime  to  flux  and  was  charged  into  the 
furnace  with  the  coke  without  limestone.  The  ore  yielded  about  30 
per  cent  of  metallic  iron  when  carefully  treated  in  the  furnace,  but 
sometimes  ran  below  this  figure  and  occasionally  rose  above  it.  Its 
character  is  expressed  by  the  following  analyses,  furnished  by  T.  T. 
Morrell: 

Analysis  of  iron  ore  from  Johnstown  bed. 

Silica 4. 886 

Alumina 1. 552 

Carbonate  of  iron 52. 330 

Sesquioxide  of  iron 15.  230 

Carbonate  of  lime 15.  285 

Carbonate  of  magnesia 9. 390 

Phoephoric  acid.' 530 

Sulphur 850 

Water. 

Metallic  iron,  35.  930. 

Mr.  Morrell  reports  finding  also  a  strong  trace  of  manganese.  The 
ore  was  calcined  before  being  used  in  the  furnace;  the  calcination  was 
carried  out  in  large  open  heaps  near  the  mine,  at  an  expense  of  about 
10  per  cent  of  fuel.  The  following  analyses  by  Mr.  Morrell  show  the 
general  character  of  the  ore  after  calcining,  from  both  the  upper  and 
lower  benches: 
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AualifsU  of  calcintd  iron  ore  from  Johnstown  bed. 


bench. 


Lower 
bench. 


IVroxJde  of  iron 

Silica 

Aluinins 

Snquioxide  of  mangaiwae. 
Lime 


Fhospboiio  acid. 
Sulpnuric  acid . . 


Ifetalliciroo. 
Phosphonis. 
Sulphur 


77.64 

45.  M» 

7.34 

21.94 

1.02 

4.02 

1.39 

.8l» 

10.10 

19  94 

1.01 

6.35 

.99 

.53 

.52 

.33 

100.01 

99.85 

'   54.350 

32.110 

.424 

.232 

.210 

.133 

PHYSICAL   FE.\TURES   OF  THE   ORE    BED. 


The  ore  bed  is  invariably  underlain  by  shale  and  the  roof  is  chiefly 
of  the  same  material,  being  locally  replaced  by  massive  sandstone 
containing  lumps  of  carbonate  ore.  The  roof  shale  shows  a  decided 
tendencv  to  crumble,  and  after  the  ore  has  been  removed  it  sinks 
steadily,  gradually  reducing  the  height  of  the  gangways.  This 
behavior  of  the  roof  has  been  a  source  of  constant  annoyance,  and  has 
required  the  closest  watching  to  avoid  accidents.  To  counteract  the 
sinking,  *^ shanties"  4  feet  high,  consisting  of  strong  timbers  laid 
crosswise,  are  constructed  at  short  intervals.  In  places  these  power- 
ful logs  are  crushed  so  tightly  together  as  not  to  exceed  2  feet  in 
height.  The  irregularities  of  the  bed  are  perhaps  one  of  its  most 
striking  features.  These  irregularities  consist  of  '*  rolls"  and  ^* horse- 
backs," which,  though  numerous,  do  not  interfere  with  the  general 
plan  of  working  the  ore.  The  system  employed  in  mining  is  knowTi 
as  the  long-wall  method,  the  best  and  most  economical  of  all  systems 
wherever  practicable.  (See  pp.  105-112.)  By  this  method  the  ore  is 
taken  from  along  a  line  of  wall  which  as  it  advances  includes  within 
a  certain  distance  all  the  ore  under  the  hill  as  far  as  the  point  reached. 

The  ore  oxidizes  rapidly  at  the  outcrop,  changing  from  a  dove  color 
to  a  rich  brown,  the  former  being  the  color  of  the  unaltered  carbonate, 
the  latter  of  the  hydrous  oxide,  or  limonite,  resulting  from  the  oxida- 
tion of  the  carbonate.  The  average  thickness  of  the  ore  at  the 
Hinckston  Run  mine  is  about  2  feet;  it  changes,  however,  in  thick- 
ness abruptly,  the  upper  band  thickening  and  the  lower  thinning,  and 
vice  versa.  The  following  measurements  made  at  different  points  in 
the  mine  serve  to  show  the  varying  thickness  of  the  ore  bands.  The 
third  section  was  measured  at  a  distance  of  10  feet  from  the  place 
where  the  second  measurement  was  made,  and  the  fourth  15  feet  still 
farther  southwest. 
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Sections  of  Johnstown  ore  bed. 


Ft.    In. 

(1)  Sandstone  with  bowlders  of  ore. 

Ore 5 

Indurated  fire  clay 5 

Ore 7J 

Shale. 

(2)  Shale  roof. 

Ore,  parted  by  1  inch  of  fire 
clay 2    4 


Ft.    In. 

(3)  Shale  loof. 

Ore 1    2 

Shale  floor. 

(4)  Shale  roof. 

Ore 1 

Parting 4 

Ore 1 


Shale  floor. 
WATER  BESOXJBCES. 

The  Johnstown  quadrangle  is  a  well-watered  region.  Most  of  the 
towns  derive  their  water  from  the  headwaters  of  the  smaller  creeks 
flowing  into  the  main  drainage  channels — Stony  Creek,  Conemaugh 
and  Little  Conemaugh  rivers,  and  Blacklick  Creek  with  its  North  and 
South  branches.  These  streams  are  fed  by  multitudes  of  springs  as 
well  as  by  the  ordinary  rainfall.  This  water  is  stored  in  reservoirs  to 
insure  a  constant  and  adequate  supply.  The  water  is  excellent, 
because  the  slopes  from  which  most  of  it  comes,  though  of  small 
extent,  are  in  general  well  wooded  and  comparatively  free  from  habi- 
tation. The  city  of  Johnstown  obtains  its  water  chiefly  from  three 
storage  reservoirs,  two  on  Mill  Creek  and  one  on  Dalton  Run.  South 
Fork  obtains  its  supply  from  a  storage  reservoir  on  Sandy  Run.  The 
town  of  Wehrum  procures  water  from  a  reservoir  on  Rummel  Run, 
and  it  is  understood  tliat  the  town  of  Vintondale  also  has  a  reservoir 
on  a  stream  to  the  southeast.  The  town  of  Windber  and  associated 
mining  villages,  lying  in  part  within  the  Johnstown  quadrangle,  are 
supplied  partly  from  a  storage  reservoir  on  Little  Paint  Creek.  For 
industrial  purposes  the  Cambria  Steel  Company  has  constructed  a 
large  reservoir  on  Hinckston  Run.  During  most  of  the  year  the  flow 
of  the  streams  is  fairly  adequate,  but  during  the  dry  season  of  the 
autumn  the  supply  is  likely  to  run  low.  During  the  summer  of  1906 
the  streams  all  maintained  a  good  flow  of  water. 

Away  from  the  railroads  the  inhabitants  of  the  region  depend 
mostly  on  wells.  Many  of  these  wells  have  been  driven  as  far  down 
as  coal  beds,  which  are  almost  universally  in  water-bearing  zones. 
The  water  obtained  from  such  beds  is  commonly  sulphurous  and 
generally  considered  very  wholesome.  Springs  are  very  abundant 
but  do  not  appear  to  be  large.  The  springs  generally  issue  from  coal 
beds  or  just  above  impervious  clay  beds.  Though  the  volume  in 
most  such  springs  is  not  large,  in  purity  the  water  can  not  be  excelled. 
Many  of  the  drill  holes  put  down  in  this  area  have  tapped  water- 
bearing bedsy  but  almost  all  the  drilUngs  have  been  made  in  search 
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of  coal  beds,  and  little  or  no  attention  has  been  paid  to  the  water- 
bearing strata.  These  usually  have  been  either  sandstone  beds  or 
coal  beds.  Such  a  hole  was  drilled  near  the  confluence  of  North  Fork 
and  South  Fork  of  Bens  Creek  in  Somerset  County,  near  Mishler. 
The  locality  is  known  as  Sulphur  Springs.  The  water  probably 
issues  fn)m  the  Upper  Kittanning  coal  bed,  as  the  drill  hole  is 
understood  to  be  very  shallow. 
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Haulage,  methods  of 104-105 
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distribution  of 27-28 
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analysis  of 117 
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view  of 48 

Johnstown  ore  bed,  analyses  of 133, 134 
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distribution  of 27 
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coal  near 26, 28, 43, 54, 50,58, 61 

section  of 61 
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Laurel  Ridge. clays  on 115, 116, 125 
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Iron  ore  on 133 
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ooal  on,  section  of,  figure  showing .% 

limestone  on 127 

Lemon  ooal.    See  Upper  Freeport  coal. 

Limostone,  analyses  of 128, 129 

character  and  distribution  of 12(>-129 

Limestone  cool.    See  Ix)wer  Fmcport  coal. 
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Llanfair,  coal  at (;9 

ooal  at,  analjrsis  of 70 

section  of 77 

Lloydell,  coal  from,  analyses  of 37, 70 

Long-wall  system,  description  of lav-l  12 

figures  showing 106, 107, 108 

recommendation  of 105 
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Dirty  A  coal. 
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tion of 25, 35, 51-^2, 67, 80-82, 93, 90 

sections  of 22, 44, 46 

figures  showing 24,52,81 

view  of 24 

Iy>wer    Freeport   limestone  member,  char- 
acter and  distribution  of 25, 127 

view  of 24 

Lower  Kittanning  clay  member,  character 

and  distribution  of 27 
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40-42, 58, 69-70, 71, 73, 76, 
84, 85, 86, 87, 88, 95;  97, 99, 100 
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character  and  distribution  of. . .  27, 34, 36, 57-60, 
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coking  testa  of 38-39,68,72-73,86,98-99 
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producer-gas  tests  of 76. 86 
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figures  showing 24. 59, 77, 89. 95, 101 

steaming  tests  of 70-72, 83-85, 97. 98 
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explanation  of 30 
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"  Lower   Productive  Coal  Measures."    See 

Allegheny  formatton. 
Loyalhanna  limestone    member,   character 

and  distribution  of 29 

use  of,  for  concrete 130-131 

view  of 28 
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Mahoning  coal,  character  and  distribution  of. .      22, 

43.64 

section  of 44 
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distribution  of 20-22 
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use  of,  for  building 1.30 
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quadrangle Pocket. 
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quadrangle 9 

Mardis  Run,  clay  on 25. 114. 124 

coal  on 79.  SO,  81. 82 
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Martin,  Lawrence,  work  of 9 

Mauch  Chunk  shale,  character  and  distribu- 
tion of 2.H  29 
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aection  of 126 

shale  of 120-121. 126 

analysis  of 121 
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of 15 
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tion of. 27-28 
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analysis  of 132 
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topography  of 10 

Pfoduoar-gas  tests,  results  of 76,86 
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Prossers  Knob,  coal  in 43 

section  of 17-18 

Puritan,  coal  at,  analysisof 68 

coal  at,  section  of,  figure  showing 66 

Q. 

Quaternary  system,  occurrence  and  character 

of 15 
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Recent  deposits,  occurrence  and  character  of.       15 

Red  shale,  character  and  distribution  of 19, 20 

Relief,  description  of 10-11 

Rexis,  coal  near 80 

coal  n^,  section  of,  figure  showing 81 

River  deposits,  occurrence  and  character  of. .        15 
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Rooms,  character  of 102-103 

Roxbury,  coal  at,  section  of,  figure  showing. .       50 
Rummel  Run,  coal  on,  section  of,  figure  show- 
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St.  Clair  Run,  coal  on 40^50,58 

coal  on,  section  of,  figure  showing 50, 59 

Sallx,  bench  mark  at 14 

Salt  Lick  Run,  coal  on,  section  of,  figure  show- 
ing        68 

Saltsbun;  sandstone  member,  character  and 

distribution  of 11^20 

Sams  Run,  coal  on 49.52,54,56 

coal  on,  sections  of,  figures  showing. . .  50, 52. 55 
Sandstone,  character  and  distribution  of..  129,131 

use  of,  for  building '1 129 

Sandy  Ridge,  clay  from,  analysis  of 112 

Scalp  Level,  iwnch  mark  at 14 

coals  near 91,92 

analysis  of 41-42 

limestone  at 127 

section  at 92 

Seidel,  (leorRe.  work  of 13 
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clays  at 114 

coal  at 96, 97, 101 

analysis  of 37 

oolcing  of 38, 39 

section  of.  flgtire  showing 101 
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Shale,  analyses  of. 120,121 

character  and  distribution  of 113. 

115.11»-121,123 

Sherblne  farm,  triangulatkm  station  on 12-13 

Sheridan,  clay  near 114-116,119 

coal  near 61 

quarry  near,  view  of 28 

rocks  near 15 

shale  near 115, 12Q-121 

analysis  of. 121 
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character  and  distribution  of 39-40 
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coal  on,  analysis  of 40. 42 

section  of,  figures  showing .  r 52. 55, 57 
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rocks  at  and  near 20, 25 

section  at,  figure  showing 24 

water  supply  of 135 

See  alio  South  Fork-Mineral  Point  dis- 
trict. 

South  Fork  (river)  coals  on 35,36,64,65,70,92 

coals  on,  analyses  of 40. 41-42, 70 

sections  of,  figure  showing 66 

dam  on,  view  of 20 

rocks  on 62 

South  Fork-Mineral  Point  district,  clays  of . . .     1 13, 

114.121-123 

coals  of 25.62-78 

posi  tion  of 62 

extent  of 61 

shales  of 123 

Spirit  leveling,  progress  of 13-14 
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Steaming  tests,  details  of 70-72,83-85,98 

Steaming  value,  comparative,  of  ooals 37 

Stony  Creek,  bench  mark  on 14 

clays  on 114, 1 16 

ooal  on  and  near 49,51,53,54,55,58,61 

analyses  of 40, 42, 93, 94 

sections  of,  figure  showing 52 

views  of 24. 48 

description  of 10 

limestone  near 127 

rocks  on 15,20,26,26,28 

sections  on 44. 46-47, 48 

figures  showing 50 

Stratigraphy,  description  of 14-30 

Structure,  representation  of 30-31 

Structure  in  Johnstown  quadrangle,  descrip- 
tion of. 31-34 

map  showing 31,  Pocket 

relation  of,  to  drainage 10 

Summerbill,  coal  near fSl-M 

coal  near,  analyses  of 63, 64 

section  of 63 

rocks  near 19 
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distribution  of. 18-19 

Surveys,  description  of 11-14 
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Ten  Acre  Bridge,  ooal  at 53 

ooal  at,  section  of,  figure  showing 55 

Thomas,  J.  I.,  on  mining  at  Vintondale... .  106-112 

Tipples,  character  of 106 

Topography,  description  of 10-14 

Triangulation  stations,  description  of 1 1-13 

location  of,  map  showing 11 

Trout  Run ,  coal  on 68-60, 96 

coal  on,  section  of 96 

figure  ^bowing 66 
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coal  at  or  near 80, 81. 82. 85, 89-90 

analysis  of 40. 41 ,  42 

sections  of,  figures  showing 81 ,  89 

rocks  at 28 

section  at 90 
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character  and  distribution  of 25, 

35,48^50,64-67,92-93 

coking  of 35 

sections  of 46, 47, 66 

figures  showing 24, 50. 66 

view  of 48 
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and  distribution  of 25, 126-127 
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Upper  Klttanning  coal,  analyses  of  .  .36, 40, 64, 67-68 

character  and  distribution  of. 25, 

35-36. 52-54, 56, 67-60, 93-94, 96 

coking  of 36 

sections  of 26, 46. 96 

figures  showing 24.55,68.93 

views  of 24, 48 
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Ventilation,  methods  of 104 

Viaduct  anticline,  description  of 33 

Vintondale,  bench  mark  at 14 

by-product  plant  at 39 

coal  at  or  near 79, 80, 81 ,  82, 83 

analysis  of 40, 42 

mining  at,  method  of 106-112 

method  of,  figures  showing 106. 107, 108 

rocks  near 20 

section  near 79,82 

figure  showing 89 

water  supply  of 136 

W. 

Walnut  Grove,  coal  at 64 

coal  at,  section  of,  figure  showing 55 

Walsall,  coal  Ironj,  analysis  of 40. 42 

coal  from,  sections  of,  figures  showing ...  93, 95 
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Weber,  coal  from 83,90 

coal  from,  analysis  of 41-42 

sections  at 91 

Wehrum,  bench  mark  at 14 

clay  near 113-114,124 

coal  near 22. 79.80.83 

analyses  of 37,41-42.84,85.86,87.88 

briquetting  testa  on 87-88 

coking  tests  on 38-39, 85 

producer-gas  tests  on 86 

sections  of,  figure  showing 89 

steaming  tests  on 83-85 

washing  tests  on 86-87 

water  supply  of. 135 

Wells,  use  of. 135-131) 

Wess  farm ,  triangulation  stations  on 12 

Westover  Basin,  description  of 34 
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W^est  Virginia,  coals  of,  analyses  of 37 
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Wilmore,  rocks  near 18 

shales  near 115, 123 

Wilmore  Basin,  coals  in 26 

coals  in ,  sections  of,  figure  showing 66 

description  of. 32-33 

section  in 16-17 

Wilmore  sandstone  member,  character  and 

distribution  of. 18 

Wilmore  syncline.    See  Wilmore  Basin.  ' 

Windber,  coals  near 25. 35. 91-95 

coals  near,  analysis  of 41-42 

section  of ,  figure  showing 95 

water  supply  of 135 

Windber  district,  coals  of. 92-95 

C9als  of,  position  of 91-92 

extent  of 91 
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PREFACE. 


By  Alfred  H.  Brooks. 


The  completion  in  1908  of  the  reconnaissance  surveys  «  of  the  two 
copper  belts  lying  north  and  south  of  the  Wrangell  Mountains 
paved  the  way  for  more  detailed  investigations.  As  the  southern  or 
Chitina  copper  belt  will  be  the  first  one  to  be  developed,  it  was 
appropriate  to  begin  the  detailed  investigation  in  this  field.  T^e 
funds  available  for  this  work  made  it  possible  to  survey  only  a 
part  of  the  Chitina  belt,  and  after  careful  consideration  it  was  de- 
cided to  take  up  the  work  in  the  Nizina  district.  This  conclusion 
was  based  on  three  considerations:  (1)  The  informatioi\  available 
indicated  that  the  Nizina  district  afforded  the  best  opi^jpo^^maties  for 
solving  the  general  geologic  problems  relating  to  the  entire  copper 
belt;  (2)  the  mining  developments  of  this  part  of  the  district  were 
more  extensive  than  elsewhere  in  the  belt,  which  gave  both  better 
opportunities  for  observations  on  the  occurrence  of  the  ores  and 
greater  promise  of  soon  reaching  a  productive  basis;  (&)  investiga- 
tion of  this  field  made  it  possible  to  cover  a  placer  district  long  pro- 
ductive in  a  small  way  and  giving  promise  of  larger  output. 

The  descriptions  set  forth  in  this  report  apply  to  only  about  one- 
fourth  of  the  Chitina  copper  belt,  but  the  conclusions  advanced  as 
to  occurrence  of  the  ores  will,  it  is  believed,  have  value  to  the  entire 
district.  If  the  developments  in  the  Chitina  Valley  continue,  as  is 
expected,  further  surveys  will  be  undertaken  as  soon  as  circumstances 
permit. 

The  cost  of  detailed  geologic  maps  is  much  increased  by  the  fact 
that  they  must  be  preceded  by  detailed  topographic  surveys.  The 
Nizina  r^on  was  surveyed  by  D.  C.  Witherspoon  in  1908,  and  the 
resulting  map,  which  is  an  excellent  piece  of  work  done  under  very 
adverse  conditions,  accompanies  this  report  (PI.  II,  in  pocket)  and 
adds  much  to  its  value. 

'  Mofflt,  F.  H.,  and  Maddren,  A.  G.,  The  mineral  resources  of  the  Kotslna-Chitina  region, 
Alaska:  Ball.  U.  8.  Geol.  Surrey  No.  374,  1909 ;  Mofflt,  F.  H.,  and  Knopf,  Adolph,  The  mln- 
cnl  resoarces  of  the  Mabesna-White  Biyer  district :  Ball.  U.  8.  Geol.  Survey  No.  417, 1910. 
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The  general  geology  of  this  district  as  set  forth  in  the  report  bears 
testimony  to  the  accuracy  of  the  observations  and  deductions  of  the 
earlier  workers  in  this  field.  It  is  a  significant  fact  that  the  strati- 
graphic  subdivisions,  suggested  by  Oscar  Bohn,  who  did  the  pioneer 
work  in  this  field,  have  found  acceptance  in  the  present  analysis  of 
the  geologic  sequence. 

The  most  important  conclusion  bearing  on  the  economic  geology 
here  presented  is  the  fact  that  the  copper-ore  bodies  appear  to  occur 
chiefly  along  a  system  of  cross  fractures  which  are  at  approximately 
right  angles  to  the  greenstone-limestone  contact.  These  fractures 
occur  along  well-defined  faults,  at  least  one  of  which  has  been  traced 
for  a  long  distance.  This  may  apply  to  the  entire  Chitina  district 
and  is  worthy  of  consideration  by  the  prospector. 

These  investigations  also  appear  to  indicate  that  the  copper  depos- 
its are  by  no  means  confined  to  the  immediate  vicinity  of  the  lime- 
stpne-^eenstone  contact,  as  has  usually  been  supposed.  Though  the 
most  promising  ore  bodies  thus  far  found  do  occur  in  this  contact, 
evidence  of  strong  mineralization  has  been  found  at  a  considerable 
distance  from  it.  Another  important  fact  brought  out  by  this  inves- 
tigation is  the  occurrence  of  auriferous  deposits  in  the  Kennicott 
formation  ( Jurassic ) . 

This  report,  although  far  more  complete  than  any  other  report  pre- 
viously published  on  the  district,  is  by  no  means  exhaustive.  With 
the  progress  of  mining  many  facts  will  be  ascertained  which  will 
make  possible  more  definite  statements  on  the  geology  of  the  mineral 
deposits.  If  the  district  develops  into  a  great  copper  producer,  a 
detailed  study  of  the  mining  geology  should  be  undertaken  similar 
to  those  made  of  many  of  the  mining  camps  of  the  Western  States^ 
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GEOLOGY  AND  MINERAL  RESOURCES  OF  THE  NIZINA 

DISTRICT.  ALASKA. 


By  Fmed  H.  Moffit  and  Stephen  R.  Capps. 


INTRODUCTION. 

LOCATION  AND  ARSA. 

• 

The  Nizina  district  takes  its  name  from  Nizina  River,  a  northern 
branch  of  Chitina  River,  and  lies  in  the  eastern  part  of  the  Copper 
River  drainage  basin.  Its  position  with  reference  to  the  coast  and 
the  Canadian  boundary  is  shown  on  Plate  I,  opposite.  That  portion 
of  it  to  which  the  following  descriptions  are  confined  is  included 
between  parallels  61°  12'  and  61°  37'  north  latitude  and  meridians 
142°  22'  and  143°  west  longitude  and  is  represented  on  the  Nizina 
special  map.  (See  PL  II,  in  pocket.)  The  area  mapped,  however, 
is  irregular  in  outline  and  only  300  square  miles  in  extent,  so  that 
it  comprises  little  more  than  one-half  of  the  quadrangle  indicated. 

OUTLINE  OF  GEOGBAPHY,   GEOLOGY,   AND  EXPLORATION. 

Chitina  River  rises  in  the  high  snow-covered  mountains  northwest 
of  Mount  St.  Elias  and  adjacent  to  the  international  boundary  line 
and  flows  westward  between  the  Chugach  and  the  Wrangell  moun- 
tains till  it  unites  with  Copper  River  at  a  point  100  miles  from  the 
coast.  (See  PI.  I.)  Most  of  its  waters,  however,  are  derived  through 
its  northern  tributaries  from  the  snow  fields  of  the  Wrangell  group. 
Nizina  River  is  the  largest  of  these  tributaries.  It  drains  the  south- 
eastern part  of  the  Wrangell  Mountains  and  a  small  part  of  the  area 
between  Chitina  River  and  the  head  of  White  River.  From  its  prin- 
cipal source  in  Nizina  Glacier  it  flows  southward  for  15  miles  and 
then  turns  abruptly  to  the  west  and  continues  in  that  direction  20 
miles  farther  before  joining  the  Chitina.  It  therefore  has  a  length 
of  35  miles,  all  minor  curves  and  irregularities  of  its  course  being 
disregarded.  The  big  westward  bend  of  the  river  lies  almost  in  the 
center  of  the  area  covered  by  the  Nizina  special  map. 
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The  two  branches  of  the  Nizina,  with  Chitistone  and  Kennicott 
rivers,  contribute  much  the  greater  part  of  its  waters.  It  is  there- 
fore chiefly  of  glacial  origin.  All  these  streams  are  swift  and 
heavily  laden  with  glacial  debris.  They  have  floored  their  val- 
leys with  broad  gravel  flats,  over  which  they  migrate  from  side  to 
side,  sometimes  in  a  single  channel,  sometimes  in  a  network  of  chan- 
nels, and,  besides  building  up  their  flood  plains  by  the  addition  of 
new  material,  they  are  continually  cutting  away  and  redepositing 
the  material  already  laid  down.  The  principal  small  streams  shown 
on  the  Nizina  special  map  are  McCarthy  Creek,  a  tributary  of  Ken- 
nicott Kiver,  and  Dan,  Chititu,  and  Young  creeks,  eastern  tribu- 
taries of  Nizina  Eiver.  Their  valleys  do  not  show  such  profound 
glacial  erosion  as  the  main  streams,  for  the  ice  masses  that  occupied 
them  were  smaller,  yet  they  nevertheless  underwent  extensive  glacia- 
tion.  All  are  characterized  by  broad,  open  valleys  at  their  heads 
and  by  rock  canyons  in  their  lower  courses. 

The  Wrangell  Mountains,  although  a  more  or  less  distinct  group, 
merge  into  the  St.  Elias  Range  on  the  southeast  and  are  not  there 
sharply  defined  from  them.  They  are  limited  on  the  south  and 
west  and  partly  on  the  north  by  the  valleys  of  Chitina  and  Copper 
rivers,  and  are  separated  from  the  Nutzotin  Mountains  on  the  north- 
east by  a  depression  extending  from  the  head  of  Copper  River  to  the 
head  of  White  River.  The  group  trends  in  a  northwest-southeast 
direction  and  its  length  is  approximately  double  its  width.  Its 
greatest  diameter  is  about  100  miles.  Half  a  dozen  or  more  peaks 
of  unusual  beauty  and  size,  ranging  in  height  from  12,000  to  16,200 
feet,  rise  above  the  rugged  snow-covered  mass  about  them,  and  from 
one  of  these.  Mount  Wrangell,  the  group  received  its  name.  The 
Wrangell  Mountains  were  formed  by  the  erosion  of  a  great  mass  of 
Tertiary  and  Recent  lavas  piled  up  on  an  older  surface  of  very 
considerable  relief  and  having  its  greatest  development  in  the  neigh- 
borhood of  Mount  Wrangell  and  Mount  Sanford.  The  southeastern 
limit  of  these  younger  flows  is  probably  somewhere  in  the  vicinity  of 
Skolai  Pass  and  Chitistone  River,  although  it  is  possible  that  they 
may  extend  still  farther  to  the  east.  Thus  the  Wrangell  Mountains 
consist  essentially  of  lava  flows  and  are  distinct  in  their  origin  from 
the  other  mountains  about  them,  all  of  which  are  made  up  principally 
of  deformed  sedimentary  beds.  The  area  shown  on  the  Nizina  special 
map  is  on  the  border  line  between  the  volcanic  flows  of  the  Wrangell 
Mountains  on  the  northwest  and  the  older  sedimentary  formations  of 
the  Chugach  and  St.  Elias  mountains  on  the  south  and  southeast,  but 
the  rock  formations  developed  in  the  area  are  mostly  of  sedimentary 
origin. 
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The  fwmations  represented  on  the  accompanying  geologic  map 
(PI.  Ill,  in  pocket)  are  shown  in  the  section  forming  figure  1.  At 
the  base  is  the  Nikolai  greenstone,  made  up  of  a  great  but  unknown 
thickness  of  basaltic  lava  flows,  many  of  which  are  amygdaloidal. 
On  the  top  of  these  flows  rests  the  Chitistone  limestone,  which  was 
deposited  without  any  interruption  of  structural  uniformity  between 
it  and  the  underlying  rocks.  Its  thickness  exceeds  3,000  feet.  The 
lower  part  of  the  Chitistone  formation  con- 
sists of  thick,  massive  beds  of  gray  lime-  conirom«ifc 
stone,  but  toward  the  top  the  limestone  beds 

become  thinner  and  small  shale  beds  appear  gh.!,  „«  (uiirtDiM. 

in  increasing  amount  till  they  finally  pre- 
dominate. The  Chitistone  limestone  thus 
passes  by  transition  through  thin-bedded 
shales  and  limestones  into  a  black  shale 
with  only  occasional  thin  limestone  beds. 
Much  of  the  shale  was  removed  by  erosion 
before  the  deposition  of  the  succeeding  for- 
mation, so  that  its  thickness,  though  in  u1SSi™S3S'. 
doubt,  can  not  be  less  than  several  thousand 
feet.     Both  the  Chitistone  limestone  and  the 

conformably  overlying  shales   {McCarthy  '"(SJlTSSoii""* 

shale)  are  of  Upper  Triassic  age. 

A  period  of  uplift  and  erosion  took  place 
after  the  Triassic  black  shales  were  laid 
down  and  was  not  terminated  till  Upper 
Jurassic  time,  when  deposition  began  once 
more.  On  the  upturned  edges  of  the 
Nikolai  greenstone,  the  Chitistone  lime- 
stone, and  the  overlying  Triassic  shales  a 
great  thickness  of  Upper  Jurassic  sedi- 
ments (Kemiicott  formation)  was  deposited. 
They  consist  of  conglomerate,  sandstone, 
and  black  shale,  but  the  shale  predominates 
greatly  over  the  conglomerate  and  the 
sandstone.  The  Jurassic  sediments  attain 
a  thickness  of  at  least  7,500  feef-  They  are 
the  youngest  of  the  bed-rock  formations  exposed  within  the  mapped 
area.  The  later  deposits  consist  of  Quaternary  sands,  gravel,  and 
silt,  most  of  which  are  intimately  connected  in  origin  with  the  recent 
glaciation  of  the  country. 

The  Nizina  district  has  been  the  scene  of  igneous  activity  from 
Paleozoic  time  to  the  present  A  great  quantity  of  quartz  diorite 
porphyry  in  the  form  of  sills  and  dikes  was  intruded  into  the 
Jurassic  rocks,  but  for  some  reason  these  intrusives  rarely  appear  in 
the  underlying  formations.     In  some  places  the  porphyritic  intru- 


tQDM   1. — Colnmnar  Mctlon 
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sives  are  so  extensively  developed  that  they  predominate  over  the 
shale,  and  the  shale  appears  only  as  great  black  masses  caught  up  in 
the  light-colored  intrusive  rock. 

Folding  in  greater  or  less  degree  has  taken  place  in  all  the  forma- 
tions mentioned,  but  is  far  more  pronounced  in  the  older  ones,  par- 
ticularly the  Triassic  shales,  than  in  the  Jurassic  sediments.  Within 
the  area  of  the  Nizina  special  map  the  greenstone,  limestone,  and 
shale  formations  dip  rather  steeply  to  the  northeast.  The  Jurassic 
rocks,  on  the  other  hand,  are  tilted  to  the  southwest  or  lie  in  broad, 
flat  folds.  All  have  been  faulted  and  show  local  displacements  of 
very  considerable  extent. 

The  earliest  references  to  the  geology  of  the  Chitina  Valley  are 
found  in  the  accounts  of  exploring  expeditions  made  by  Allen  in 
1885  and  by  Schwatka  and  Hayes  in  1891.  Such  accounts,  from  the 
nature  of  the  expeditions,  could  give  only  very  incomplete  informa- 
tion. The  investigations  by  Rohn  in  1899,  however,  laid  the  foun- 
dations of  our  present  knowledge  of  the  geology  of  the  region.  He 
recognized  the  formations  that  have  been  described  and  proposed  the 
names  Nikolai,  Chitistone,  and  Kennicott.  He  also  applied  the  name 
McCarthy  Creek  shale  to  the  shale  formation  overlying  the  Chiti- 
stone limestone ;  but  this  was  not  adopted  by  Schrader  and  Spencer 
in  their  later  work,  since  they  believed  that  the  shale  should  be 
divided  into  a  number  of  formations.* 

In  1900  Schrader  and  Spencer  carried  on  a  much  more  extended 
investigation  of  the  geology  and  mineral  resources  of  the  Chitina 
Valley,  and  at  the  same  time  a  topographic  reconnaissance  map  was 
made  by  Gerdine  and  Witherspoon  which  was  used  as  a  base  for  the 
geologic  map.  Two  years  later  (1902)  Mendenhall  visited  the  Kot- 
sina  and  the  Elliott  Creek  copper  prospects,  in  the  western  part  of 
the  Chitina  Valley,  and  published  also  some  brief  statements  concern- 
ing the  Nizina  gold  placers,  although  he  had  no  opportunity  to 
examine  them  in  person.  No  further  geologic  work  in  the  Chitina 
region  was  undertaken  by  the  Federal  Government  till  1907,  when 
interest  in  the  copper  resources  of  the  country  led  to  an  examination 
by  Moffit  and  Maddren  of  all  the  copper  prospects  in  the  valley, 
which  resulted  in  some  additional  information  concerning  its  geology 
and  the  occurrence  of  both  copper  and  gold.  The  importance  of  the 
district  led  to  the  preparation  of  the  Nizina  special  map  by  Wither- 
spoon in  1908  and  to  the  detailed  geologic  investigations  in  1909, 
whose  results  are  described  in  this  report. 

Many  notes  on  the  copper  prospects,  particularly  the  Bonanza 
mine,  have  appeared  in  the  daily  press  and  in  mining  magazines, 
and  although  most  of  them  had  only  a  temporary  value  as  news  a 

*  Schrader,  F.  C,  and  Spencer,  A.  C,  The  geology  and  mineral  resources  of  a  portion  of 
the  Copper  River  district,  Alaska :  Special  publication  U.  8.  Geol.  Survey,  1901,  note  at 
bottom  of  page  32. 
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few  are  permanent  contributions  to  the  literature.    An  incomplete 
list  of  papers  on  the  district  follows : 

Allen,  Lieut.  Henry- T.  Report  of  an  expedition  to  the  Copper,  Tanana,  and 
Koyukuk  rivers,  In  the  Territory  of  Alaska,  in  the  yetir  1885.  Washington, 
Government  Printing  Office,  1887. 

Hayes,  C.  Willasd.  An  expedition  through  the  Yukon  district:  Nat.  Geog. 
Mag.,  vol.  4,  1892,  pp.  117-162. 

RoHN,  Oscar.  A  reconnaissance  of  the  Chitina  River  and  Skolai  Mountains : 
Twenty-first  Ann.  Report  U.  S.  Geol.  Survey,  pt.  2,  1900,  pp.  393-440. 

ScHRADER,  Frank  C,  and  Spencer,  Arthur  C.  The  geology  and  minenil 
resources  of  a  portion  of  the  Copper  River  district,  Alaska :  Special  publication 
of  the  U.  S.  Geol.  Survey,  1901. 

Mendenhall,  Walter  C,  and  Schrader,  Frank  C.  The  mineral  resources 
of  the  Mount  Wrangell  district,  Alaska :  Prof.  Paper  U.  S.  Geol.  Survey  No.  1.5, 
1903. 

Mendenmall,  Walter  C.  Geology  of  the  central  Copiier  River  region, 
Alaska :  Prof.  Paper  U.  S.  Geol.  Survey  No.  41,  1905. 

MoFFiT,  Fred  H.,  and  Maodren,  A.  G.  The  mineral  resources  of  the  Kotsina 
and  Chitina  valleys.  Copper  River  region:  Bull.  U.  S.  Geol.  Survey  No.  345. 
1908,  pp.  127-175.  (This  is  a  preliminary  statement  of  results  published  in  a 
more  complete  form  in  Bulletin  374. 

Keller,  Herman  A.  The  Copper  River  district,  Alaska :  E^g.  and  Miu. 
Jour.,  vol.  85,  No.  28,  June,  1908,  pp.  1273-1278. 

MoFFiT,  Fred  H.,  and  Maddren,  A.  G.  The  Kotsina-Chitina  region,  Alaska: 
Bun.  U.  S.  Geol.  Survey  No.  374,  1909. 

The  field  work  on  which  the  present  report  and  the  geologic  map 
are  based  was  done  between  July  1  and  September  10,  1909,  or  in  a 
little  less  than  seventy  days.  It  was  greatly  aided  by  a  previous 
knowledge  of  the  region  and  by  the  earlier  work  of  Schrader  and 
Spencer,  but  the  time  available  was  too  short  to  permit  an  excursion 
up  Nizina  River  to  determine  the  relation  between  the  Triassic  and 
the  Paleozoic  sediments  on  Skolai  Creek,  or  to  make  a  careful  study 
of  the  Kennicott  formation  south  of  Young  Creek.  Both  localities 
merit  careful  investigation  because  of  the  light  they  may  throw  on 
the  stratigraphy  of  the  region.  The  chapter  in  this  report  dealing 
with  the  Quaternary  system  was  written  by  Mr,  Capps,  who  also 
did  the  ofBoe  work  on  the  geologic  map.  The  task  of  preparing  the 
remainder  of  the  description  of  general  geology  and  of  economic 
geology  fell  to  the  senior  author. 

CLIMATE. 

The  climate  of  Chitina  Valley  is  pleasanter  in  many  ways  than 
that  of  the  Pacific  coast  region  of  Alaska.  Temperature  variations 
are  far  greater,  but  the  precipitation  is  less  and  the  number  of  cloudy, 
disagreeable  days  is  very  much  smaller.  No  continuous  records  of 
temperature  and  precipitation  are  at  hand,  and  it  is  probable  that 
none  have  been  kept,  although  observations  for  parts  of  several  years 
have  been  made  at  Kennicott  and  were  made  available  through  the 
kindness  of  Mr.  Stephen  Birch. 
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The  Copper  River  region,  of  which  Chitina  Valley  is  a  part,  as 
has  been  stated  previously,  is  separated  from  the  Pacific  coast  by  a 
broad  belt  of  mountains  nearly  50  miles  across  and  ranging  in  height 
from  6,000  to  10,000  feet.  This  belt  is  broken  only  by  the  narrow 
canyon-like  valley  of  the  lower  Copper  River,  and  by  its  influence 
on  the  warm  moisture-laden  air  of  the  Pacific  it  becomes  an  important 
factor  in  the  climate  of  Copper  and  Chitina  basins.  Another  factor 
of  importance  is  the  still  loftier  Wrangell  group  of  mountains  on  the 
north. 

The  seasons  of  Copper  River  basin  are  a  long  winter  and  a  short 
summer,  separated  by  a  still  shorter  spring  and  fall.  Spring  comes 
sooner  in  the  upper  Chitina  Valley  than  in  the  Copper  River  valley 
proper,  as  is  shown  by  the  earlier  breaking  up  of  the  ice.  Snow  goes 
from  the  valley  bottoms  by  the  middle  of  May  and  from  the  lower 
hills  by  the  fii-st  of  June,  but  enough  remains  on  the  mountain  sides 
till  the  first  or  middle  of  July  to  hinder  prospecting.  The  summer 
climate  resembles  that  of  some  of  our  Northern  States  in  late  spring. 
Frosts  are  not  expected  from  the  middle  of  June  to  the  middle  of 
July,  but  by  the  first  of  September  the  snow  line  begins  to  descend 
on  the  mountain  sides.  After  the  spring  break-up  the  volume  of 
water  in  the  streams,  particularly  those  fed  by  snow  fields  and 
glaciers,  gradually  increases  until  it  reaches  a  maximum  about  the 
middle  of  July ;  it  then  decreases  rapidly  as  the  cooler  nights  come 
on.  The  July  period  of  high  water  is  not  the  result  of  increased  pre- 
cipitation but  of  the  warm  weather  and  the  bright  sun  on  the  snow 
fields.  Cloudy  days  always  make  a  very  appreciable  difference  in 
the  daily  rise  of  the  glacier  streams.  Sometimes,  however,  the  rivers 
are  flooded  by  unusually  heavy  rains  and  occasionally  in  winter  by 
the  breaking  out  of  water  confined  in  the  glaciers.  This  took  place 
in  the  Kennicott  Glacier  early  in  1909.  During  a  period  of  unusually 
cold  weather  the  outlet  of  the  subglacial  stream  known  as  the  "  pot- 
hole "  was  closed  and  the  water  backed  up  under  the  glacier  till  the 
pressure  was  so  great  that  the  ice  could  not  resist  it.  The  water  burst 
forth  from  a  new  outlet  and  flooded  the  Kennicott  and  Chitina 
rivers,  tearing  up  the  ice  and  piling  it  in  confusion.  Fortunately 
no  one  was  freighting  on  the  river,  and  the  new  ice  which  formed 
afterward  gave  the  best  sledding  ever  known  by  freighters  on  the 
Chitina.  A  similar  flood  caused  by  the  breaking  out  of  confined 
waters  from  Nizina  Glacier  took  place  a  few  years  previously.  The 
high  water  of  July  makes  the  fording  of  Nizina  River  difficult  and 
at  times  dangerous,  but  this  difficulty  decreases  in  August,  and  by 
the  first  of  September  it  is  ended.  Temperatures  low  enough  to  allow 
standing  water  to  freeze  are  usual  in  the  latter  part  of  August,  and 
early  in  September  the  glaciers  cease  to  be  active  and  the  streams 
are  clear  and  low. 
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Temperatures  of  30°,  40°,  or  even  60°  below  zero  are  experienced 
in  winter,  and  the  snowfall  is  heavy,  although  much  less  than  on  the 
coast. 

Observations  at  Kennicott,  at  the  mouth  of  National  Creek,  and 
at  the  Bonanza  mine,  a  little  more  than  2^  miles  awa^r  and  4,000 
feet  higher,  showed  that  the  temperature  at  the  mine  during  the  cold- 
est weather  was  always  considerably  higher  than  at  the  lower  camp. 

The  winter  of  1908-9  was  unusual  because  of  its  low  temperatures 
and  light  snowfall.  It  resulted  from  these  conditions  that  the 
streams  were  in  places  frozen  to  .the  bottom,  and  the  water,  breaking 
out  above,  ran  down  over  the  top  and  froze  to  a  great  thickness. 
Some  of  the  so-called  glaciers  on  Chititu  Creek  had  a  thickness  of 
15  or  20  feet  and  did  not  melt  away  till  early  in  the  following  July, 
thus  seriously  interfering  with  placer  mining.  Such  conditions  are 
common  enough  in  the  streams  of  northern  Alaska  but  are  unusual 
in  the  Nizina  district. 

VEGETATION. 

In  this  region,  as  in  many  other  parts  of  Alaska,  vegetation  flour- 
ishes in  a  way  that  would  be  surprising  to  those  who  think  of  the 
country  only  as  a  region  of  continual  cold  and  ice.  The  growing 
season  is  short,  but  the  summer  days  are  warm  and  much  longer  than 
in  lower  latitudes,  so  that  in  the  few  favorable  weeks  plants,  grow 
rapidly.  Grass  comes  up  as  soon  as  the  snow  goes  and  by  thtf  first 
or  middle  of  June  there  is  good  feed  for  horses  in  favorable  places. 
It  is  not  abundant  in  the  lower  valley  bottoms,  ^en  in  midsummer, 
and  the  best  of  it  is  found  at  or  above  timber  line.  There  is  good 
feed  in  the  upper  part  of  all  the  small  valleys.  A  small  leguminous 
plant,  locally  called  "  pea  vine,"  grows  on  the  gravel  bars  and  in  the 
fall  and  late  summer  makes  excellent  forage.  It  is  nourishing,  and 
horses  are  so  fond  of  it  that  they  will  leave  almost  anything  else  to  get 
it.  Grass  loses  its  nourishing  qualities  as  soon  as  the  frost  strikes  it, 
and  for  this  reason  miners  and  prospectors  start  their  horses  to  the 
coast  about  the  first  of  September. 

All  the  lower  mountain  slopes  of  the  Nizina  district  and  all  the 
valley  bottoms  except  the  flood  plains  of  streams  are  covered  with 
spruce  timber.  The  upper  limit  of  timber  ranges  from  2,500  to  4,000 
feet  above  sea  and  is  highest  on  the  gentle  and  rounded  slopes  away 
from  the  glaciers,  such  as  the  south  slope  of  the  ridge  west  of  Rex 
Creek  and  on  Sourdough  Hill.  Timber  suitable  for  lumber  grows 
on  the  lower  ground.  The  best  of  it  is  found  on  the  flats  south  of 
Nizina  River,  from  Dan  Creek  to  Young  Creek,  in  the  drier  ground 
at  the  base  of  the  hill  slopes.  Some  of  the  trees  reach  a  diameter 
of  18  inches  and  are  tall  enough  to  furnish  two  16-foot  cuts.  Be- 
sides the  spruce,  there  are  cottonwood  and  birch,  but  these  have 
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little  value  for  lumber.  A  heavy  growth  of  alders  is  usually  found 
about  timber  line.  Willows  are  present  in  the  valleys,  but  are  far 
less  abundant  in  variety  and  amount  than  in  northern  Alaska.  The 
"  devilclub,"  so  troublesome  in  the  coast  region,  is  found  occasionally 
in  the  Nizina  district  also. 

POPULATION. 

During  the  early  days  of  the  Nizina  gold  excitement  the  white 
population  of  the  district  amounted  to  several  hundred  persons,  but 
this  number  quickly  decreased,  as  is  usual  in  such  stampedes.  There 
are  no  accurate  records  of  the  number  of  early  comers.  Some  of  them 
were  of  the  "  hanger-on  "  class  and  stayed  only  long  enough  to  leam 
that  the  district  had  little  to  offer  them.  The  later  population  has 
been  a  variable  one,  but  for  the  last  two  or  three  years  it  probably 
has  not  been  far  from  100.  Most  of  this  number  were  employed  in 
the  gold  placers  of  Chititu  and  Dan  creeks  and  the  rest  were  pros- 
pecting for  copper.  With  the  completion  of  the  railroad  and  the 
beginning  of  mining  at  Kennicott  and  the  increased  activity  in  the 
gold-producing  streams  that  will  come  with  better  transportation 
the  white  population  will  increase.  There  is  no  permanent  native 
population.  Nizina  Eiver  valley  was  the  hunting  ground  of  Chief 
Nikolai,  and  his  house  was  near  the  mouth  of  Dan  Creek,  but  since 
his  death  several  years  ago  superstition  has  kept  his  followers  from 
returning  there  until  within  the  last  two  summers.  The  perma- 
nent dwellings  of  tjje  Indians  are  on  Copper  River,  where  they  spend 
most  of  the  winter  and  where  they  fish  in  summer.  It  seems  to  have 
been  the  custom  of  many  to  leave  the  fishing  ground  only  during  the 
time  of  the  fall  hunting  or  in  the  trapping  season. 

TRANSPORTATION. 

To  provide  satisfactory  means  and  routes  of  transportation  has 
been  from  the  beginning  the  most  serious  diiBculty  the  prospectors 
in  Chitina  Valley  have  had  to  meet.  Up  to  the  present  time  all 
supplies  and  equipment  for  the  Nizina  district  have  been  brought 
from  Valdez  in  winter  by  sled.  The  route  usually  followed  in 
freighting  is  from  Valdez  to  Tonsina  over  the  Government  trail,  then 
by  way  of  Tonsina,  Copper,  Chitina,  and  Nazina  rivers  to  the  desti- 
nation. Occasionally,  however,  this  i^oute  has  been  varied  by  cross- 
ing Marshall  Pass  at  the  head  of  Lowe  River  and  following  Tasnuna 
and  Copper  rivers  to  the  mouth  of  the  Chitina ;  but  this  latter  route 
was  given  up  because  of  the  difficulties  encountered  on  Tasnuna 
River  and  of  the  fact  that  the  Government  trail  to  Fairbanks 
is  kept  open  all  winter  by  the  regular  travel.  The  ^reat  advantage 
of  the  route  lay  in  the  ability  to  haul  very  heavy  loads  on  the 
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smooth  ice  of  Copper  River,  thus  saving  time  and  horse  feed,  the  two 
great  items  of  expense,  on  this  part  of  the  trip.  This  route  prob- 
ably would  have  been  used  exclusively  for  freighting  to  Chitina 
Valley  if  a  good  trail  down  Tasnuna  River  had  been  available  for 
travel. 

The  time  consumed  in  carrying  large  outfits  from  Valdez  to  the 
Nizina  district  is  from  two  to  three  months.  The  cost  of  freighting 
has  varied  from  slightly  less  than  7  cents  to  30  cents  per  pound,  de- 
pending on  the  size  of  the  outfit  and  the  condition  of  the  trail.  The 
lower  figure  of  cost  is  an  exceptional  one  and  is  not  possible  under 
any  other  than  the  most  favorable  conditions.  Probably  about  10 
cents  per  pound  is  an  average  cost  for  the  larger  companies  when  the 
trail  is  good. 

Smnmer  travel  is  over  a  route  different  from  that  followed  in 
winter.  The  sununer  trail  leaves  the  Government  trail  at  Tonsina 
and  crosses  Copper  River  at  the  mouth  of  Tonsina  River.  From 
there  it  passes  to  the  north  side  of  Chitina  Valley,  entering  the  moun- 
tains by  way  of  Kuskalana  River  and  crossing  Kuskalana  and  Fourth 
of  July  passes  to  Kennicott  Glacier  and  River.  No  freighting  is  done 
on  the  summer  trail,  but  the  mail  goes  in  over  it  twice  each  month. 

Within  the  Nizina  district  trails  connect  the  various  camps  and 
enable  the  miners  to  travel  from  one  to  another  without  serious  diffi- 
culty, although  there  is  little  communication  between  them  during 
the  working  season.  The  trails  are  all  shown  on  the  topographic 
map  and  need  not  be  described  in  detail.  The  one  most  traveled  is 
that  over  Sourdough  Hill  from  McCarthy  Creek  to  Chititu  and  Dan 
creeks.  Because  it  is  less  swampy,  it  is  used  by  many  in  preference 
to  the  lower  trail  around  the  west  end  of  the  hill,  but  the  hill  is 
steep  and  the  climb  is  hard.  One  great  difficulty  with  this  trail  is 
the  necessity  of  fording  Nizina  River.  A  proposal  to  bridge  the  river 
at  a  point  several  miles  below  the  present  fording  place  will  probably 
be  carried  out  in  the  near  future. 

It  is  seen  from  the  figures  previously  given  that  the  cost  of  trans- 
portation is  a  heavy  tax  on  all  work  done  in  the  Nizina  district. 
This  expense  has  not  only  hindered  copper  prospecting  but  has  de- 
layed the  installation  of  placer  mining  machinery  also.  This  bur- 
den will  be  much  lightened  in  a  short  time,  however,  for  railroad 
communication  with  the  coast  is  promised  early  in  1911.  Construc- 
tion work  on  the  Copper  River  and  Northwestern  Railway  was 
commenced  under  the  present  management  at  Cordova  in  1908  and 
since  that  time  has  been  pushed  as  rapidly  as  conditions  permitted. 
In  1908  the  tracks  were  advanced  from  Cordova  to  within  10  or  12 
miles  of  Abercrombie  Rapids,  although  the  lower  steel  bridge  over 
Copper  River  was  not  erected  till  the  following  spring.  In  1909 
the  piers  for  a  second  bridge,  at  the  river  crossing  between  Childs 
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Glacier  and  Miles  Glacier  Lake,  were  built  and  the  tracks  were  ad- 
vanced to  Tiekel  River.  With  the  completion  of  this  part  of  the 
road  most  of  the  slow  and  difficult  work  was  ended  and  there  re- 
mained only  90  miles  of  track  construction  to  reach  Kennicott.  This 
includes  a  third  bridge  over  Copper  River,  between  the  mouths  of 
Chitina  and  Kotsina  rivers,  where  it  is  proposed  to  place  a  tempo- 
rary pile  bridge  while  the  construction  of  piers  for  the  permanent 
bridge  is  going  on.  The  building  of  the  railroad  has  not  involved 
any  unusually  difficult  construction  problems  for  modem  railroad 
engineering,  and  the  greatest  obstacles  to  operation  will  doubtless 
arise  from  weather  conditions.  Along  Copper  River  the  tracks  are 
particularly  exposed  to  obstruction  by  snowslides,  and  adequate  pro- 
vision for  their  protection  will  have  to  be  made.  Above  Abercrombie 
Rapids  the  tracks  follow  the  river  bank  on  the  debris-covered  edge 
of  Baird  Glacier.  The  ice  is  overlain  by  a  thin  coating  of  loose 
rock  and  is  overgrown  with  alders.  It  appears  to  have  no  motion, 
but  it  is  probable  that  more  or  less  melting  goes  on  and  that  the 
tracks  will  require  more  attention  and  repair  than  in  other  places. 
Some  have  expressed  uncertainty  concerning  the  effect  of  the  terri- 
ble winter  winds  that  sweep  down  the  lower  part  of  Copper  River 
valley  and  have  even  predicted  that  they  would  prevent  the  running 
of  trains,  but  such  difficulties  have  been  overcome  elsewhere  and  prob- 
ably will  be  here.  Railroad  communication  with  the  coast  promises 
greater  aid  in  the  development  of  the  Copper  River  valley  than  any 
other  single  enterprise  yet  undertaken. 

TOPOGRAPHY. 

BELIEF. 

The  Nizina  district  has  l>een  described  as  situated  at  the  south- 
eastern border  of  the  Wrangell  Mountains,  in  the  region  where  this 
group  merges  into  the  Coast  Range  Mountains  to  the  east  and  south. 
The  mapped  area  does  not  extend  far  enough  north  or  east  to  take 
in  any  of  the  larger  snow  fields  or  glaciers  or  to  include  the  highest 
mountains  of  the  Wrangell  group  or  Coast  Range,  although  peaks  of 
7,000  or  8,000  feet  are  shown.  To  the  southeast  is  the  broad  low- 
land formed  by  the  junction  of  Chitina  and  Nizina  valleys.  The 
map  (PI.  II,  in  pocket)  shows  as  the  major  features  of  relief  two 
mountain  areas  separated  by  the  valley  of  Nizina  River,  but  other 
topographic  forms  are  even  as  striking  as  these,  particularly  the 
steep,  straight  valley  walls,  the  deep  gulches  tributary  to  Young 
Creek,  and  the  peculiar  wormlike  rock  glaciers. 

Three  geologic  elements  are  involved  in  the  relief — the  high  moun- 
tain masses,  the  gravel-covered  lowlands,  and  the  gravel  benches  or 
terraces.    Glacial  erosion  and  the  character  of  the  rock  formation  have 


A.    TALUS  CONES  ON  EAST  SIDE  OF  McCARTHY  CREEK,  AT  BASE  OF  LIMESTONE  CLIFFS. 


B.    FOLOEO  TfilASSIC  LIMESTONE  AND  SHALE  BEOS  ON  SOUTHWEST  SIDE  OF  COPPER  CREEK. 
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been  strikingly  effective  in  giving  form  to  the  mountains.  The  work 
of  the  ice  in  straightening  and  steepening  valley  walls  is  conspicuous 
on  Chitistone  River  and  the  adjacent  part  of  Nizina  River  and  on 
the  upper  part  of  McCarthy  Creek.  It  is  also  seen  in  the  numerous 
cirque  valleys  in  which  most  of  the  streams  head.  McCarthy  Creek 
is  a  typical  example  of  a  glaciated  valley  in  this  district.  Its  upper 
part  is  a  broad,  open,  U-shaped  valley  with  gravel  floor.  Its  lower 
part  is  a  succession  of  rock  canyons  with  high  gravel  terraces.  These 
features,  except  the  gravel  terraces,  are  characteristic  of  every 
glaciated  valley  of  the  region  and  are  probably  the  result  of  rapid 
head  valley  glacial  erosion  and  the  effort  of  the  stream  to  establish 
a  more  advantageous  grade  after  the  melting  of  the  ice. 

Different  kinds  of  rock  were  affected  in  different  degrees  by  the 
glacial  ice  and  by  subsequent  erosion.  The  massive  Chitistone  lime- 
stone forms  precipitous  cliffs  and  tall  spires,  as  on  Dan  Creek,  Chiti- 
stone and  Nizina  rivers,  McCarthy  Creek,  and  at  Bonanza  mine. 
The  greenstone  slopes  are  not  so  steep  and  are  more  uniform  in  sur- 
face contour;  they  rarely  form  perpendicular  walls  such  as  are  com- 
mon in  the  limestone  exposures.  The  shales  give  smooth,  rounded 
outlines  where  they  have  undergone  glacial  erosion  and  sharp,  jagged 
peaks  and  ridges  with  steep,  bare  slopes  where  they  have  been  sub- 
jected to  attack  by  weather  alone.  These  two  features  are  seen  in 
the  shale  area  south  of  Dan  Creek.  Between  Dan  Creek  and  White 
Gulch  the  shale  mountains  are  characterized  by  angular  outlines  and 
bare  slopes,  but  south  of  Chititu  Creek  the  same  shales  were  over- 
ridden by  the  ice  streams  from  Chitina  Valley  and  present  smooth, 
rounded  contours.  This  feature,  however,  has  been  modified  by 
intense  postglacial  erosion,  with  the  production  of  such  topographic 
forms  as  Blei  Gulch  and  the  deep  gashes  cut  by  tributaries  of  Young 
Creek.  A  different  topographic  form,  dependent  on  the  structure  of 
the  upper  shale  formation,  is  the  flat  top  of  the  ridge  on  the  west  side 
of  Nizina  River  directly  opposite  the  mouth  of  the  Chitistone.  It  is 
due  to  the  almost  horizontal  position  of  the  sandstone  beds  that  form 
the  base  of  the  Kennicott  in  this  locality. 

Talus  deposits  cover  the  lowest  mountain  slopes  and  reach  their 
greatest  development  at  the  bases  of  large  porphyry  exposures  and 
limestone  cliffs.  In  this  connection  it  should  be  said  that  the  occur- 
rence of  a  small  proportion  of  porphyry  in  talus  slopes  and  rock, 
glaciers  is  usually  sufficient  to  obscure  other  kinds  of  rock.  Talus 
fans  of  noticeable  symmetry  have  been  built  up  below  gulches  in 
the  limestone  formation  east  of  McCarthy  Creek  (PL  IV,  A)  and 
north  of  Chitistone  River.  The  peculiar  detrital  accumulations  here 
called  rock  glaciers  are  confined  to  the  high  mountainous  parts  of 
the  district  but  are  widely  distributed  in  the  mapped  area.  They 
are  described  in  the  discussion  of  Quaternary  deposits. 
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The  second  important  element  in  the  relief  of  the  district  is  the 
gravel-covered  valley  lowland  areas.  Their  distribution  is  readily 
seen  on  the  map.  They  represent  the  accumulated  deposits  of  present 
glacial  erosion  and  the  reworked  deposits  of  former  glaciation,  to- 
gether with  the  contributions  of  present  stream  erosion.  With  the 
older  bench  gravels  they  occupy  fully  one-third  of  the  mapped  area. 
The  bench  gravels,  which  are  of  glaciofluvial  origin,  are  most  con- 
spicuous about  the  mopth  of  Dan  Creek,  the  lower  parts  of  Chititu 
and  Young  creeks,  and  on  McCarthy  Creek,  but  are  present  in  other 
places  also. 

DBAIKAOE. 

Nearly  all  the  larger  streams  of  the  Nizina  district  originating 
within  the  mountain  area  head  in  glaciers,  and  those  that  do  not 
thus  head  nevertheless  receive  much  of  their  water  from  melting  snow 
banks  throughout  all  or  part  of  the  year.  All  the  streams  are  swift 
and  subject  to  rapid  variations  in  quantity  of  water  flowing  in  them. 
Nizina  River  falls  600  feet  in  19  miles  within  the  mapped  area,  or  at 
the  rate  of  31.5  feet  per  mile.  McCarthy  Creek  has  a  grade  of  100 
feet  per  mile  and  Chititu  Creek  180  feet  per  mile  in  their  lower 
courses. 

In  contrast  with  the  well-drained  mountain  areas,  the  lowlands  are 
swampy  and  dotted  with  numerous  ponds  and  lakes.  They  are  cov- 
ered with  an  inferior  growth  of  spruce  and  with  moss  that  acts  like 
a  sponge  to  hold  water  and  prevent  its  rapid  run-off.  The  surplus 
water  from  the  lakes  is  carried  away  in  sluggish  clear-water  streams. 
These  features  are  characteristic  of  the  southwest  part  of  the  mapped 
area.  Trails  in  such  country  are  often  almost  impassable  for  horses 
in  summer,  and  for  that  reason  they  keep  to  the  gravel  bars  or  the 
ridges. 

DE8CRIPTIVB  GEOLOGY. 

STRATIGRAPHY. 
SEDIMENTABY  BOCXa 

ROCK  TYPES. 

It  has  already  been  stated  that  the  Nikolai  greenstone  is  the  oldest 
rock  formation  exposed  in  the  Nizina  district  and  that  it  is  conform- 
ably overlain  by  the  Chitistone  limestone  and  a  shale  formation 
(McCarthy  shale) ,  both  of  which  are  of  Triassic  age.  It  was  further 
stated  that  a  great  thickness  of  shale  of  Jurassic  age — the  Kennicott 
formation — rests  unconformably  upon  the  upturned  edges  of  the 
greenstone,  limestone,  and  shale;  that  these  formations,  particularly 
the  Kennicoti^were  intruded  by  light-colored  porphyritic  igneous 
rocks ;  and  that  the  most  recent  deposits  of  the  district  are  imconsoli- 
dated  gravels  of  Quaternary  age. 
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The  Nikolai  greenstone,  because  of  its  relation  to  the  Chitistone 
limestone,  its  importance  as  a  geologic  formation,  and  its  structure, 
might  fittingly  be  described  in  connection  with  the  sedimentary 
formations.  Inasmuch,  however,  as  it  is  of  igneous  origin,  its  descrip- 
tion will  be  taken  up  later  in  its  proper  place. in  the  account  of  the 
igneous  rocks. 

TiaASSIC  SYSTEM. 

OHITISTOKE  LIXESTOKE. 

CHABACTBB  OF  THE  FORMATION. 

The  name  Chitistone  was  applied  by  Rohn  to  the  great  Triassic 
limestone  of  the  Nizina  district  because  he  found  the  limestone  best 
developed  along  the  Nizina  in  the  vicinity  of  the  mouth  of  Chiti- 
stone River.  This  name  was  later  adopted  by  Schrader  and  Spencer 
and  has  since  come  into  general  use.  The  Chitistone  limestone  is  a 
conspicuous  formation  occurring  all  along  the  south  flanks  of  the 
'Wrangell  Mountains  from  Kotsina  River  to  Dan  Creek  and  prob- 
ably extending  into  the  valley  of  the  upper  Chitina.  In  the  Nizina 
district  the  lower  part  of  the  Chitistone  formation  is  made  up  of 
thick,  massive  beds  of  a  dark-gray  or  bluish-gray  color  but  weather- 
ing to  a  lighter  gray  on  the  surface.  The  upper  part,  on  the  other 
hand,  is  made  up  of  thinner  beds,  and  this  thinness  increases  toward 
the  top.  A  slight  difference  in  chemical  composition  between  the 
upper  and  the  lower  parts  of  the  Chitistone  limestone  is  indicated 
by  the  brownish-yellow  weathering  of  the  upper  part.  Changing 
conditions  of  sedimentation  are  indicated,  too,  in  a  more  noticeable 
way  by  the  appearance  of  thin  shale  beds  at  the  top  of  the  formation. 
This  limestone  is  the  oldest  of  the  sedimentary  formations  exposed 
within  the  mapped  area  and  lies  on  the  Nikolai  greenstone  conform- 
ably, exactly  as  if  both  were  sedimentary  formations  deposited  in 
the  same  sea  and  the  limestone  had  been  laid  down  on  the  greenstone 
before  any  movement  or  disturbance  had  taken  place  in  the  green- 
stone. This  conformable  relation  holds  true  wherever  the  contact 
has  been  examined,  although  in  many  places  it  is  found  that  there 
has  been  movement  of  the  two  formations  along  this  contact  surface. 
In  several  places  a  bed  of  red  and  green  shale  with  a  maximum  thick- 
ness of  about  5  feet  was  found  to  intervene  between  the  limestone 
and  the  greenstone,  but  it  is  not  known  whether  the  shale  is  widely 
distributed  or  not,  since  the  limestone-greenstone  contact  is  nearly 
everywhere  covered  with  talus.  The  shale  is  present  in  the  vicinity 
of  Bonanza  mine  and  on  Kennicott  Glacier. 

Excellent  sections  of  the  Chitistone  limestone  are  seen  on  the  west 
side  of  Nizina  River,  opposite  the  mouth  of  Chitistone  River,  and  on 
McCarthy  Creek.     On  McCarthy  Creek  the  lower  part  of  the  forma- 
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tion,  which  dips  about  30°  N£.,  consists  of  massive  beds  of  bluish- 
gray  limestone,  making  up  approximately  three-fifths  of  the  total 
thickness.  Above  this  lower  massive  portion  is  a  succession  of  more 
thinly  bedded  limestone  strata  weathering  a  rusty-yellow  color  and 
making  up  the  remaining  two-fifths  of  Uie  formation.  The  thick- 
ness of  individual  beds  decreases  from  the  base  toward  the  top,  as 
has  been  stated,  and  near  the  top  thin  beds  of  black  shale  make  their 
appearance.  Then  comes  an  indefinite  thickness,  approximately  300 
feet,  of  thin-bedded  limestone  and  shale  overlain  in  turn  by  a  great 
thickness  of  black  shale,  which  Rohn  called  the  McCarthy  Creek 
shale."  It  is  thus  seen  that  there  is  a  transition  from  the  bedded 
limestones  below  through  interbedded  thin  limestones  and  shales  to 
shale  above,  and  it  is  readily  understood  that  difficulty  arises  in 
choosing  a  definite  dividing  plane  between  these  two  formations. 

The  section  on  Nizina  River  shows  the  same  features  as  that  on 
McCarthy  Creek,  but  here  the  whole  syncline  is  exposed,  revealing 
the  steep  northward  dip  on  the  south,  the  horizontal  bedding  in  the 
middle,  and  the  gentle  southward  dip  on  the  north.  The  bedding 
features  are  well  shown  in  the  center  of  the  syncline  for  the  whole 
succession  from  base  to  overlying  shales.     (See  PI.  V.) 

DISTRIBUTION. 

The  Chitistone  limestone  occupies  a  narrow  band  along  the  north- 
eastern edge  of  the  mapped  area,  extending  southeastward  from 
Kennicott  Glacier  (at  the  northern  limit  of  the  area)  to  the  head  of 
Copper  Creek.  The  dip  of  the  limestone  along  its  southern  bound- 
ary is  to  the  northeast  and  decreases  from  approximately  30°  in  the 
vicinity  of  Kennicott  Glacier  and  McCarthy  Creek  to*  only  a  few 
degrees  on  Dan  and  Copper  creeks.  It  results  from  this  that  the 
width  of  the  limestone  belt  is  much  less  at  the  glacier  and  on  Mc- 
Carthy Creek  than  on  Dan  Creek.  The  limestone  belt  has  a  width 
of  slightly  more  than  1  mile  on  the  ridge  between  McCarthy  Creek 
and  East  Fork,  which  is  probably  less  than  its  width  at  any  place 
between  McCarthy  Creek  and  Kennicott  Glacier.  East  of  Nizina 
River  the  limestone  caps  the  mountains  between  Dan  Creek  and 
Chitistone  River  in  the  form  of  a  broad,  shallow  syncline  fully  5 
miles  wide.  The  continuity  of  limestone  exposures  is  interrupted 
in  many  places  by  valley  gravel  and  talus  deposits,  but  aside  from 
separate  limestone  areas  produced  in  this  way  there  are  a  number 
of  small  detached  areas  whose  separation  from  the  principal  lime- 
stone masses  represented  on  the  map  is  due  to  other  causes.  Such 
an  area  is  seen  at  the  head  of  Nikolai  Creek  and  owes  its  isolation  to 
the  fact  that  the  overlying  Kennicott  formation  has  been  only  partly 
eroded.     If  all  of  the  conglomerate  and  sandstone  of  the  Kennicott 

"  Kohn,  Oscar,  A  reconnalsBance  of  the  Cbltina  River  and  the  Skolai  Mountains,  Alas!:n  : 
Iwpnty-first  Ann.  Rept.  U.  8.  Geol.  Survey,  pt.  2.- 1000,  p.  420. 
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Tvere  removed,  the  small  limestone  area  would  be  found  to  be  part  of 
the  larger  area  to  the  east.  Another  isolated  area  lies  south  of  Dan 
Creek,  but  in  this  case  the  limestone  was  separated  from  the  main 
limestone  mass  to  the  north  and  reached  its  present  position  through 
faulting. 

THICKNESS. 

The  two  localities  on  Nizina  River  and  McCarthy  Creek  afford 
favorable  opportunities  for  measuring  the  thickness  of  the  Chitistone 
limestone,  since  in  both  places  the  whole  formation  is  present.  One 
element  of  uncertainty  presents  itself,  however — ^the  difficulty  of 
choosing  the  somewhat  arbitrary  plane  to  separate  the  limestone  from 
the  overlying  shales;  yet,  since  the  intervening  thin-bedded  shale- 
limestone  succession  is  probably  less  than  300  feet  thick,  the  error  in 
measurement,  and  the  results  are  the  same  as  on  Nizina  River.  A 
6  per  cent,  as  will  be  seen  later. 

The  base  of  the  limestone  in  the  central  part  of  the  syncline  on 
Nizina  River  is  hidden  by  river  gravels,  but  since  the  curve  of  the 
beds  is  small  and  regular  and  greenstone  is  exposed  along  the  base 
of  the  cliffs  only  a  short  distance  north  and  south  of  the  axis  of  the 
syncline,  it  is  evident  that  almost  the  complete  section  of  the  lime- 
stone is  shown  in  one  vertical  column.  This  section  gives  a  thickness 
of  3,000  feet  for  the  Chitistone  limestone  in  its  type  locality.  The 
McCarthy  Creek  section  gives  an  almost  equally  good  chance  for 
measurement,  and  the  results  are  the  same  as  on  Nizina  River.  A 
section  north  of  Chitistone  River  gives  a  greater  thickness  than  3,000 
feet,  but  as  in  this  locality  the  limestone  has  been  folded  and  faulted 
it  is  believed  that  the  figures  there  are  less  reliable  than  those  first 
given. 

Exposures  of  Chitistone  limestone  extend  westward  to  Kotsina 
River,  less  than  15  miles  from  Copper  River,  but  the  thickness  is 
much  less  than  in  the  Nizina  district  and  in  places  is  not  more  than 
200  or  300  feet.  No  evidence  has  been  collected  to  show  that  the 
limestone  becomes  progressively  thinner  from  the  east  toward  the 
west  in  Chitina  Valley,  and,  although  that  may  be  the  case,  the  de- 
creased thickness  in  the  valleys  of  Kotsina  River  and  Elliott  Creek 
may  be  due  to  erosion  before  deposition  of  the  Kennicott  formation 
took  place. 

AGE. 

The  age  of  the  Chitistone  limestone  was  long  in  doubt  but  is  now 
known  to  be  Upper  Triassic.  This  age  determination  is  based  on 
fossil  collections  made  in  1907  at  a  number  of  localities  along  the 
limestone  area  from  Kotsina  River  to  the  Chitistone  and  on  larger 
collections  made  in  the  Nizina  district  in  1909.  All  the  collections 
were  submitted  to  T.  W.  Stanton  for  determination  and  the  forms 
present  are  contained   in  the  following  lists.     These  li.sts  include. 
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however,  only  the  species  collected  within  the  area  of  the  Nizina 
special  map.  The  numbers  given  the  specimens  are  the  catalogue 
numbers  in  the  National  Museum.  Concerning  the  collection  of  1907 
Dr.  Stanton  says  in  part: 

The  collection  i8  small  and  fragmentary,  but  It  has  proved  snflacient  to  show 
quite  conclusively  that  the  beds  in  question  are  of  Triassic  age.  The  nni- 
monites,  especially,  are  all  characteristic  Triassic  types,  and  the  few  brachiopods 
obtained  are  also  Mesozoic.  There  is  no  indication  of  Paleozoic  fossils  in  any 
part  of  the  section  represented.     ♦     ♦     ♦ 

The  following  lists  give  the  form  recognized  from  each  locality.     In  nio6t 
cases  si)ecific  identifications  have  not  been  possible,  but  this  does  not  lessen  the 
accuracy  of  the  age  determination : 
Bonanza  mine  and  Bonanza  Creek: 
4808;  Nos.  9,  14  to  19.  21,  22— 

Undetermined  corals. 

Terebratula  sp. 

Spirif  erina  sp. 

Hinnites?  sp. 

Pseudomonotis  subclrcularls  (Gabb)? 
Jumbo  Greek,  near  the  Bonanza  mine: 
4809;  Nos.  10  to  13,  20— 

P«itacrinus  sp. 

Terebratula  sp. 

Avicula?  sp. 

Arcestes?  sp. 

The  last  two  named  are  certainly  Triassic  types  of  ammonites  and 
probably  belong  to  the  genera  to  which  they  are  provisionally  assigned. 
South  side  of  Chltlstone  River: 
4810:  Nos.  23,  24— 
Splrlferlna?  sp. 
Halobia  sp. 
Arcestes?  sp. 
Tropites?  sp. 

The  last  two  are  Triassic  ammonites  provisionally  identified  from 
Imperfect  specimens. 

The  list  of  fossils  collected  in  1909  is  here  arranged  by  localities. 

Dr.  Stanton  says  of  them : 

The  fossils  from  the  Chltlstone  confirm  the  recent  determinations  of  that  hori- 
zon and  definitely  prove  that  It  is  of  Triassic  age. 
Jumbo  Creek : 
6300— 

Base  of  Chltlstone  limestone  corals?    Too  obscure  for  Identification. 
McCarthy  Creek : 
6330— 

Terebratula  sp.     Probably  Triassic. 
Nikolai  Creek : 
6303— 

Halobia  sp. ;  related  to  H.  superba  Mojslsovlcs. 
Undetermined   Pelecypod. 
6306— 

Juvavltes?  sp. 
Arcestes  sp. 
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Nikolai  Creek — Continued. 
6312— 

PseudomoDotis  subcircnlaris  (Qabb). 

Arcestes.  sp. 

JuvaviteB?  2  sp. 

Orthoceras  sp. 
Chitistone  River: 

Tropltes  sp. 

(Lower  part  of  Chitistone  limestone.) 
6320— 

Halobia  superba. 

Arcestes. 
6333— 

Halobia  superba  Mojsisovies? 

Arcestes  sp. 
Copper  Creek : 
6321— 

Halobia  superba  Mojsisovies? 

When  Schrader  and  Spencer  studied  the  geology  of  the  Chitina 
Valley  in  1900  they  foiind  no  fossils  in  the  Chitistone  limestone  and 
were  unable  to  give  conclusive  evidence  concerning  the  age  of  the 
limestone.  They,  however,  correlated  it  with  the  massive  Carbonif- 
erous limestone  at  the  head  of  White  River,  first  described  by  Hayes" 
and  later  by  Brooks.^ 

This  limestone  is  exposed  on  the  north  side  of  Skolai  Creek,  one 
of  the  eastern  tributaries  of  Nizina  River,  and  is  conspicuous  in 
Skolai  Pass,  between  the  heads  of  Skolai  Creek  and  White  River. 
The  correlation  of  limestones  so  similar  in  appearance  and  so  near 
to  each  other  seemed  to  have  much  in  its  favor,  but  better  oppor- 
tunities for  study  have  proved  it  to  be  incorrect. 

Although  the  Chitistone  limestone  can  not  be  correlated  with  the 
limestone  on  White  River,  it  is  known  that  limestone  similar  in 
appearance  and  of  the  same  age  as  the  Chitistone  limestDne  is  present 
on  the  north  side  of  the  Wrangell  Mountains,  in  the  depression  be- 
tween them  and  the  Nutzotin  Mountains.  There  is,  however,  no 
such  development  of  Triassic  limestone  there  as  is  seen  in  the  Chitina 
Valley,  and  the  known  exposures  are  confined  to  one  small  area. 

A  table  of-  correlations  for  the  Mesozoic  sedimentary  rocks  of 
Alaska  is  here  given,  from  which  it  appears  that  Triassic  rocks,  so 
far  as  they  are  known  at  present,  are  confined  to  the  region  south 
of  the  Alaska  Range.  Aside  from  the  Chitina  region,  Triassic  rocks 
probably  have  their  greatest  development  in  the  Cook  Inlet  region, 
where  they  occur  principally  in  the  form  of  cherts  with  a  small 
proportion  of  shale  and  limestone  beds. 

•  Hayes,  C.  Willard,  An  expedition  through  the  Yukon  district :  Nat.  Geog.  Mag.,  toI.  4. 
1692.  p.  340. 

*  Brooks,  Alfred  II.,  A  reconnalRMancc  from  Pyramid  Harbor  to  Eagle  City,  Alaska : 
Twenty-first  Ann.  Kept.  U.  S.  Qeol.  Survey,  pt.  2.  1900,  p.  a59. 
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MoOA&THT  SHALE. 
CHABACTEB   OF   THE   FORMATION. 


The  term  McCarthy  Creek  shale  was  used  by  Rohn  to  designate  the 
black  shales  immediately  overlying  the  Chitistone  limestone,  and  the 
formation  was  described  by  him  as  "  a  series  of  soft,  black,  highly 

fissile  shales  and  slates."" 

The  formation  as  it  is  exposed  in  the  Nizina  district  is  essentially 
a  shale  formation,  although  at  its  base  are  numerous  thin  limestone 
beds  forming  part  of  the  transition  zone  at  the  top  of  the  Chitistone 
limestone  or  the  base  of  the  shale.  Thin  beds  of  limestone  are  found 
interstratified  with  the  shales  wherever  they  are  exposed  within  the 
mapped  area,  but  are  not  abundant  and  form  only  a  small  proportion 
of  the  whole.  The  top  of  the*  McCarthy  shale  has  not  been  recog- 
nized. Bedding  is  easily  distinguished  in  most  places  either  bj'  the 
presence  of  the  thin  limestones  or  of  thin  limy  shale  beds  with 
surfaces  bighly  colored  by  Weathering.  Some  of  the  smooth  bare 
hilltops  about  the  eastern  tributaries  of  East  Fork  are  marked  with 
exceedingly  intricate  patterns  produced  by  the  colored  beds,  for  the 
McCarthy  shale  is  found  to  be  intensely  folded  wherever  it  has  been 
examined,  and  if  the  folds  are  cut  by  planes  or  curved  surfaces 
making  slight  angles  with  their  axes  the  patterns  appear. 

The  folding  in  the  McCarthy  shale  strongly  contrasts  with  both 
that  of  the  Chitistone  limestone  and  that  of  the  Kennicott  formation. 
Pronounced  folding  took  place  in  the  upper  thin-bedded  part  of  the 
limestone  in  a  few  localities.  It  begins  to  be  conspicuous  in  the 
transition  beds  at  the  base  of  the  shale  (see  PI.  IV,  J?,  p.  18)  but 
was  never  found  in  the  massive  beds  at  the  base  of  the  limestone. 
The  limestone  beds  were  more  able  than  the  shale  to  withstand  the 
pressure  that  tended  to  deform  them,  and  that  ability  increased  as  the 
thickness  of  the  beds  increased.  Another  factor  of  strength  lay  in 
the  massive  flows  of  the  Nikolai  greenstone,  which  lent  its  support 
to  the  heavy  beds  of  the  limestone  in  resisting  deformation. 


DISTRIBUTION. 


The  principal  area  of  McCarthy  shale  represented  on  the  geologic 
map  (PI.  Ill,  in  pocket)  lies  between  McCarthy  Creek  and  Nizina 
River,  at  the  north  edge  of  the  sheet.  This,  according  to  Rohn,  is 
the  south  edge  of  a  succession  of  shales  extending  north  in  the 
McCarthy  Creek  valley  for  a  distance  of  6  or  8  miles  and  consti- 
tuting the  type  locality  for  the  formation.  This  is  not  only  the 
largest  area  of  the  shales  examined  but  it  also  shows  a  greater  thick- 
ness than  any  other  area,  for  it  suffered  less  from  erosion  before  the 
Kennicott  formation  was  deposited. 

«  Rohn,  Oscar,  A  reconnaissance  of  the  Chitlna  River  and  the  Skolal  Mountains,  Alaska : 
Twenty-first  Ann.  Rept,  U.  S.  Geol.  Surrey,  pt  2,  1900,  p.  426. 
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The  McCarthy  shale  and  the  shale-limestone  transition  zone  below 
it  form  the  base  of  the  mountains  south  of  Copper  Creek.  The  for- 
mation is  separated  from  the  overlying  Kennicott  formation  by  a 
distinct  unconformity,  but  the  black  shales  of  the  two  formations 
are  so  similar  in-  appearance  that  they  were  not  distinguished  until 
the  detailed  work  of  1909  was  unaertaken.  Only  the  base  of  the 
McCarthy  shale  is  exposed  on  Copper  Creek.  The  upper  part  was 
removed  by  erosion  before  deposition  of  the  Kennicott  began.  A 
smaller  area  of  the  Triassic  shale  forms  the  mountain  top  north  of 
Texas  Creek,  and  the  formation  is  present  in  other  places  overlying 
the  limestone  north  of  Dan  Creek  but  does  not  fall  within  the 
boundaries  of  the  mapped  area. 

THICKNESS. 

Accurate  measurements  of  the  thickness  of  the  McCarthy  shale 
were  not  obtained,  because  it  is  probable  that  only  a  part  of  the  total 
thickness  is  exposed  within  the  mapped  area.  It  is  possible,  more- 
over, that  the  complete  original  section  is  no  longer  represented  in 
this  district,  for  a  long  erosion  interval  intervened  between  the  depo- 
sition of  the  Triassic  shales  and  the  Jurassic  shales.  During  this 
interval  much  of  the  Triassic  sedimentary  formations  and  of  the 
Nikolai  greenstone  was  removed.  Another  factor  of  uncertainty 
besides  the  amount  of  the  shales  that  have  been  removed  by  erosion 
is  the  thickening  and  reduplication  of  beds  that  arise  from  folding 
and  faulting.  It  is  probable,  however,  that  the  McCarthy  shale  has 
a  thickness  nearly  as  great  as  the  Chitistone  limestone ;  possibly  it  is 
greater. 

A  thickness  of  about  1,500  feet  of  Triassic  shale  overlies  the  lime- 
stone on  the  west  side  of  Nizina  River.  The  shales  near  the  center 
of  the  broad  syncline  in  this  locality  have  a  horizontal  position  and 
are  probably  less  distorted  by  folding  than  they  are  to  the  north- 
west. This  measurement  is  considered  the  minimum  and  probably 
much  less  than  the  true  thickness,  for  some  of  the  shale  has  certainly 
been  removed  by  erosion. 

The  mountains  about  the  head  of  the  East  Fork  of  McCarthy  Creek 
are  made  up  of  the  black  Triassic  shales.  They  reach  an  altitude  of 
6,960  feet  above  sea  level  or  3,000  feet  above  the  limestone  shale 
boundary  at  the  creek  on  the  southwest.  The  shales  are  much  folded 
about  the  upper  part  of  the  East  Fork  valley,  and  measurements  are 
consequently  uncertain,  but  it  is  probable  that  the  thickness  of  the 
formation  is  at  least  2,500  feet  in  this  vicinity.  No  measurements  oi 
value  were  obtained  in  the  Copper  Creek  section,  for,  as  previously 
stated,  only  a  part  of  the  formation  is  present  there. 

It  is  evident  from  what  has  been  said  that  the  total  thickness  of 
Triassic  sediments  in  the  Nizina  district  is  great  and  that  it  is  prob- 
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ably  not  less  than  6,000  feet.  One-half  of  this  figure  represents  a 
limestone  whose  thickness  can  be  stated  with  a  considerable  degree  of 
accuracy;  the  remainder  represents  a  great  shale  formation  whose 
thickness  is  stated  only  approximately. 

AOE. 

The  McCarthy  shale  is  of  Upper  Triassic  age.  Some  of  the  beds 
are  abundantly  fossiliferous,  especially  those  near  the  base  of  the 
formation  and  in  the  transition  zone  below,  and  fossils  can  usually 
be  found  in  the  higher  parts  of  the  formation  if  search  is  made  for 
them.  Shells  of  Pseudomonotis  subcircularis  (Grabb)  are  so  plentiful 
in  some  of  the  shale  beds  between  the  thin  limestones  that  the  rock 
can  not  be  broken  without  showing  them ;  they  appear,  however,  to 
be  almost  the  only  forms  represented. 

A  list  of  fossil  localities  follows;  the  determinations  are  by  T.  W. 
Stanton. 

McCarthy  Creek : 
6314— 

Pseudomonotis  subelrcnlarls  (Gabb). 
Nikolai  Creek : 
6311— 

Two   or  more   undetermined  ammonite   genera   represented  by   frag- 
mentary specimens. 
Dan  Creek : 
6317— 

Pseudomonotis  subcircularis  (Gabb). 
Copper  Creek  (two  localities)  : 
a32;i— 

Pseudomonotis  subcircularis  (Gabb). 
6335— 

Pseudomonotis  subcircularis  (Gabb). 

Areas  of  Triassic  shale  are  scattered  along  the  south  slope  of  the 
Wrangell  Mountains  as  far  west  as  the  Kuskulana  and  probably  as 
far  as  the  Kotsina  also,  but  in  the  earlier  work  in  this  region  the 
Triassic  shales  and  the  black  Jurassic  shales  were  not  separated 
because  the  presence  of  an  immense  thickness  of  Jurassic  shales  in* 
this  valley  was  not  known  at  that  time.  It  is  now  certain  that  a 
considerable  part  of  the  shale  areas  of  Chitina  Valley  formerly  con- 
sidered to  be  Triassic  are  in  reality  of  Jurassic  age. 

No  Triassic  shale  corresponding  in  thickness  or  other  characters 
to  the  McCarthy  shale  is  known  in  Alaska.  Other  regions  of  Triassic 
sediments  of  similar  age  have  been  pointed  out  (see  correlation  table, 
pp.  26-27),  but  the  conditions  under  which  they  were  deposited  were 
dijfferent  from  those  in  the  Nizina  district,  and  although  they  may 
be  in  part  contemporaneous  the  resulting  formations  are  distinct. 
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The  name  Kennicott  was  adopted  by  Rohn  to  designate  the  con- 
glomerate and  sandstone  succession  which  he  found  resting  uncon- 
formably  on  the  Tnassic  shales  of  McCarthy  Creek  and  correlated 
on  fossil  evidence  with  the  light-colored  arkoses,  shales,  and  lime- 
stones between  Lachina  River  and  Kennicott  Glacier.  Rohn  did  not 
recognize  the  black  shale  south  of  Nikolai  Creek  as  part  of  his  Kenni- 
cott formation,  but  within  the  district  under 

consideration  the  black  shale  is  far  more  «i™*r4u.t*d.^fi» 

important   in   amount   than   the   basal   con- 
glomerate and  sandstone  members. 

The  Kennicott  formation  as  the  term  is 
here  used  consists  largely  of  black  shale,  but 
it  includes  conglomerate,  grit,  sandstone,  and 
impure  limestone  members  and  is  intruded 
by  great  masses  of  light-colored  porphyritic 
rock.  It  is  the  youngest  of  the  consolidated 
sedimentary  deposits  represented  on  the  geo- 
logic map  (PI,  III,  in  pocket)  and  is  more 
widely  distributed  within  the  mapped  area 
than  any  of  the  formations  previously  de- 
scribed. One  of  the  characteristics  of  the 
Kennicott  is  its  variation  in  appearance 
and  composition  at  different  localities.  This 
statement  is  more  applicable  to  its  basal  than 
to  its  upper  part  and  refers  to  features 
that  resulted  from  changing  shore  conditions 
of  sedimentation.  These  differences  will  he 
brought  out  by  a  description  of  the  Jurassic 
rocks  northwest  of  \izina  River,  where  the 
basal  part  is  better  represented,  and  south- 
east of  Xizina  River,  where  the  middle  and 
upper  parts  are  better  represented. 

The  Kennicott  formation  where  it  is  exposed  about  the  head  of 
Nikolai  Creek  may  be  subdivided  into  three  members  as  follows: 
A  basal  member  made  up  of  conglomerate  and  sandstone ;  a  second 
member  consisting  chiefly  of  light-gray,  yellow-weathering  shale; 
and  an  upper  member  of  dark-gray  or  black  shale  interstratified 
with  occasional  beds  of  impure  limestone  or  hard  calcareous  shale 
(fig.  2).  The  basal  member  shows  notable  differences  in  lithologic 
character  and  thickness  as  it  is  followed  from  one  outcrop  to  another. 
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These  differences,  except  in  thickness,  are  dependent  in  large  measure 
on  the  kind  of  rock  immediately  underlying  the  Kennicott.  In 
nearly  all  places  the  lowest  beds  of  the  formation  consist  of  con- 
glomerate, but  this  conglomerate  presents  a  different  appearance  in 
almost  every  exposure,  for  there  is  nearly  every  gradation  between 
an  even-grained  grit  whose  well-worn  pebbles  are  of  uniform  size 
and  no  larger  than  grains  of  wheat  to  a  coarse  agglomerate  with 
blocks  and  bowlders  up  to  8  or  10  feet  in  diameter  (PL  VI,  A). 
Such  coarse  material  has  probably  traveled  but  a  short  distance 
from  its  source  and  may  represent  a  shore-line  cliff.  It  is  not  a 
constant  feature  of  the  basal  Kennicott  and  its  exposures  are  not 
extensive,  for  tiie  very  large  bowlders  are  found  in  only  a  few 
localities.  In  many  places  it  was  noticed  that  most  of  the  pebbles 
in  the  conglomerate  are  of  the  same  material  as  the  older  beds  on 
which  the  conglomerate  rests — ^that  is,  where  conglomerate  overlies 
greenstone  most  of  the  pebbles  are  greenstone  and  where  it  rests  on 
the  Triassic  shale  most  of  the  pebbles  are  shale.  Limestone  pebbles 
are  not  so  numerous  as  pebbles  of  greenstone  and  shale,  yet  con- 
glomerate of  this  formation  containing  a  large  proportion  of  rounded 
limestone  fragments  is  found  in  other  parts  of  the  Chitina  Valley. 
Some  of  the  conglomerate  contains  a  considerable  number  of  diorite 
and  porphyry  pebbles,  but  it  was  not  found  in  place  in  the  vicinity 
of  Nikolai  Creek,  where  the  basal  conglomerate  of  the  Kennicott 
is  best  developed  within  the  area  mapped.  Nearly  all  of  the  frag- 
ments are  well  rounded  and  waterworn,  and  it  is  only  in  the  very 
coarse  conglomerate  that  angular  outlines  are  noticeable.  Even  in 
such  places  the  edges  and  comers  of  the  blocks  are  usually  worn 
away. 

The  filling  between  pebbles  is  finely  ground  material  from  the  same 
source  as  the  pebbles  and  is  for  the  most  part  a  greenish  sandstone  or 
gray wacke.  The  average  size  of  fragments  composing  the  basal  mem- 
ber of  the  formation  decreases  rapidly  as  distance  from  the  base  in- 
creases, until  the  conglomerate  gives  way  to  sandstone.  In  most  local- 
ities about  Nikolai  Creek  where  exposures  occur  it  is  found  that  the  up- 
per half  or  three- fourths  of  the  basal  member  consists  of  fine  greenish 
sandstone  or  gray  wacke  containing  little  quartz  and  seemingly  derived 
largely  from  the  Triassic  shale  and  the  greenstone.  This  upper  part 
shows  far  less  variation  in  character  than  the  conglomerate,  although 
in  the  base  thin  beds  of  graywacke  alternate  with  thin  beds  of  con- 
glomerate. There  are  places  where  the  fine  conglomerate  and  gray- 
wacke contain  considerable  lime  and  become  practically  an  impure 
limestone,  but  such  beds  are  not  persistent.  Some  of  them  consist 
in  part  of  broken  shells,  yet  it  is  difficult  to  find  determinable  fossils 
among  them  and  still  more  difficult  to  secure  the  fossils  when  found, 
since  they  are  in  most  cases  partly  decomposed  and  fragile. 


B.     SANDSTONE  OF  KENNICOTT  FORWATION  O 
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This  lowest  conglomerate-sandstone  member  of  the  Kennicott  for- 
mation on  Nikolai  Creek  has  a  thickness  ranging  from  25  to  125 
feet,  the  greater  part  of  which  is  graywacke,  the  r«nainder  con- 
glomerate or  grit.  In  a  few  places  the  basal  member  appears  to  be 
entirely  absent,  although  because  of  faulting  and  talus  slopes  its 
seeming  absence  may  be  explained  in  other  ways.  Furthermore,  its 
persistence  as  a  whole  in  many  other  places  in  spite  of  rapid  changes 
in  character  and  of  variation  in  thickness  makes  it  probable  that  if 
it  is  not  seen  in  a  particular  locality  the  failure  to  find  it  is  due  to  one 
of  the  causes  mentioned. 

The  middle  member  of  the  formation  on  Nikolai  Creek  shows  far 
less  variation  in  character  than  the  lower  one,  but  it  does  not  ap- 
pear so  conspicuously  in  other  parts  of  the  Nizina  region.  It  con- 
sists of  shale  and  shaly  sandstone,  but  shale  predominates.  The 
sandy  phases  are  more  or  less  local,  and  the  best  exposures  are  on 
the  ridge  south  of  Nikolai  mine  (PL  VT,  B),  A  freshly  broken 
surface  of  the  shale  shows  a  fine-grained  rock  of  light  color,  but 
both  shale  and  sandstone  weather  a  bright  yellow  that  makes  them 
conspicuous  wherever  they  are  exposed.  Both  shale  and  sandstone 
break  down  into  thin  fragments  under  the  influence  of  the  weather, 
and  the  debris  from  their  ledges  give  rise  to  prominent  talus  slopes. 
Occasionally  fossils  are  found  in  the  sandstone,  and  rarely  a  shell  is 
seen  in  the  shale,  but  fossils  are  not  abundant  and  it  requires  some 
search  to  find  any  of  value.  The  thickness  of  the  yellow- weathering 
shales  is  as  great  as  500  feet  in  the  mountain  between  Nikolai  Creek 
and  the  East  Fork  of  McCarthy  Creek:  At  the  head  of  Nikolai  Creek 
375  feet  of  yellow-weathering  shale  overlies  the  conglomerate,  but 
some  of  the  shale  has  been  eroded  away. 

The  highest  member  of  the  Kennicott  in  the  Nikolai  Creek  vicinity 
consists  of  black  shale,  with  interstratified  hard,  impure  limestone 
and  calcareous  shale  beds  ranging  in  thickness  from  1  inch  to  2  feet. 
The  hard  beds  form  only  a  small  proportion  of  the  total  thickness, 
probably  less  than  one-tenth,  but  although  jointed  and  broken  they 
stand  out  in  relief  from  the  softer,  crumbling  black  shales  and  form 
a  conspicuous  part  of  the  whole.  This  black  shale  resembles  closely 
the  black  shales  of  the  Triassic.  The  hard  beds  assume  a  rusty- 
yellowish  .color  on  weathering,  just  as  in  the  Triassic  shales,  and 
there  seems  to  be  no  way,  except  by  their  stratigraphic  position  and 
their  fossils,  to  distinguish  them  from  the  older  shales.  Fossils  are 
fairly  plentiful  in  some  beds  of  this  member,  especially  those  in  the 
hard  beds,  and  are  in  a  better  state  of  preservation  than  those  found 
lower  in  the  formation. 

From  125  to  150  feet  of  these  shales  are  exposed  north  of  Nikolai 
Creek,  but  the  figures  take  no  account  of  what  has  been  removed  by 
erosion  or  what  has  been  caught  up  into  the  intruded  porphyry. 

70648'*— Bull.  448—11 3 
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Locally  erosion  has  destroyed  the  xT^per  member,  lenvini^  tlw  faasal 
and  middle  members.  In  some  localities  both  the  middle  and  tiie 
upper  members  have  been  removed,  and  without  doubt  the  Kctiq- 
cott  was  once  present  in  large  areas  where  no  farace  of  it  is  now  loimd. 

The  section  of  the  Kennicott  formation  exposed  on  IhiL  Greek  is 
many  times  thicker  than  the  section  that  has  been  described.  The 
Nikolai  section  represents  a  phase  of  the  basal  K^mieott  tluit-is 
thought  to  correspond  more  fully  with  the  Kennicott  observed  west 
of  Kennicott  Glacier  and  still  farther  west  in  the  Qiitiiia  Valley 
than  does  the  Dan  Creek  section.  An  excellent  exposure  of  tlie  base 
of  the  Kennicott  formation  was  found  cm  Eagle  Creek,  in  tbe  Coppar 
Creek  valley.  All  the  upper  part  of  the  long  ridge  separating 
Eagle  Creek  from  Copper  Creek  is  made  up  of  lower  Kca^icott  beds. 
They  rest  on  the  edges  of  thin  limestone  and  shale  beds  that  belong 
to  the  transition  zone  between  Chitistone  limestone  and  McCarthy 
shale.  The  limestone  and  shale  beds  have  a  dip  about  20^  greatcor 
than  the  overlying  Kennicott,  and  the  unconformity  is  ^own  in 
diagrammatic  clearness.  The  basal  beds  of  the  Kennicott  at  this 
place  consist  of  from  150  to  200  feet  of  fine  conglomerate  or  grit 
overlain  by  sandstone.  Black  shale  overlies  the  sandstone  and  forms 
the  top  of  the  ridge  extending  southeast  to  the  main  mountain  mass. 
This  basal  grit  was  traced  northwest  in  Copper  Creek  valley  to 
the  vicinity  of  the  limestone  area  north  of  Idaho  Gulch.  It  may 
be  regarded  as  a  constant  feature  of  the  Kennicott  in  the  Nizina 
district.  In  most  places  it  is  somewhat  fossil  if erous.  Pyramid 
Peak,  at  the  head  of  Copper  Creek,  appears  to  be  made  up  entirely 
of  rocks  belonging  to  the  Kennicott  formation.  The  lower  part  is 
black  shale,  but  the  top  shows  bedding  lines  that  are  thought  to  rep- 
resent sandstones  and  impure  limestones.  Sandy  shales  and  hard 
sandstones  are  interstratified  with  the  black  shales  on  Rex  Creek, 
and  the  tops  of  the  mountains  between  Rex  Creek  and  White  Creek 
contain  a  large  amount  of  gray  sandstone  and  impure  limestone. 
Beds  of  brown-weathering  nodular  limestone  in  the  shales  high  up 
on  the  slopes  of  these  mountains  contain  ammonite  shells  15  or  18 
inches  across.  These  mountains  appear  to  be  at  the  axis  of  a  broad 
shallow  syncline  and  give  good  sections  of  the  formation. 

A  feature  of  geologic  interest  is  presented  by  the  sandstone  dikes 
that  cut  the  black  shales  east  of  Rex  Creek.  These  dikes  range  in 
thickness  from  a  fraction  of  an  inch  to  5  or  6  inches  and  cut  the  shales 
just  as  an  igneous  dike  would.  They  are  composed  of  angular  frag- 
ments of  quartz,  feldspar,  biotite,  calcite,  and  pyrite  mingled  with 
fragments  of  shale.  They  are  composed  of  the  same  material  as  some 
of  the  associated  sandstone  beds  and  are  numerous  in  places. 

Bedding  in  the  black  shales  of  Blei  Gulch,  on  the  south  side  of 
Chititu  Creek,  is  shown  by  lines  of  small  limestone  concretions  and 
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thin  discontinuous  calcareous  beds.     More  than  4,500  feet  of  black 
shale  dipping  low  to  the  southwest  is  exposed  in  Blei  Gulch.    Young 
Creek,  south  of  Chititu  Creek,  flows  in  a  shallow  canyon  whose  walls 
are  composed  of  black  shale  of  the  Kennicott  formation.    This  shale 
forms  the  lower  slopes  of  the  ridge  south  of  Young  Creek,  and  it  is 
probable  that  Kennicott  sediments  make  up  most  of  the  ridge.    The 
ridge  was  not  examined  in  detail  owing  to  lack  of  time,  but  a  section 
up  the  first  southern  tributary  of  Young  Creek  east  of  Calamity  Gulch 
shows  rocks  of  the  Kennicott  formation.    The  section  extends  up  the 
east  branch  of  this  creek.     For  a  distance  of  nearly  three-fourths  of 
a  mile  from  its  mouth  the  creek  flows  over  black  shales  with  occa- 
sional limestone  beds,  all  dipping  southwest  at  angles  of  30°  or  less. 
Thence  for  nearly  a  fourth  of  a  mile  are  rocks  that  have  been  crumpled 
and  much  faulted.     They  consist  of  shales  with  interbedded  cal- 
careous shales  and  limestone,  from  which  fossils  were  collected.    In 
many  places  the  strata  of  this  disturbed  zone  stand  on  edge,  and  it 
is  evident  that  displacements  of  importance  have  taken  place.     A 
peculiar  feature  of  this  locality  is  seen  in  the  limestone  nodules,  which 
occur  in  beds  and  reach  diameters  of  2  or  3  feet.    They  consist  of 
bluish-gray  limestone  and  show  parallel  bedding  lines  crossing  them. 
They  werfe  seen  at  a  number  of  places  on  Young  Creek.    South  of  this 
faulted  zone  the  creek  flows  for  another  three-fourths  of  a  mile  over 
black  shales  and  thin  gray  and  brown  sandstones.    The  shale  pre- 
dominates but  the  sandstones  form  an  important  part  of  the  whole. 
The  dip  of  these  shales  and  sandstones  is  steeper  than  is  usual  in  the 
Kennicott  formation  of  the  Nizina  district,  ranging  from  30°  to  60°. 
A  massive  conglomerate  succeeds  the  shale  and  limestone  on  the  south 
at  a  point  1,500  feet  above  Young  Creek.     The  conglomerate  is 
several  hundred  feet  thick  and  is  made  up  of  well-rounded  pebbles 
loosely  cemented  together,  many  of  which  are  5  or  6  inches  in  diam- 
eter.   It  appears  to  have  been  deposited  conformably  on  the  under- 
lying shale-sandstone  beds,  but  there  is  reason  to  believe  that  move- 
ment has  taken  place  along  the  contact  at  this  locality.    No  proof 
was  secured  to  show  that  this  great  conglomerate  does  not  mark  an 
unconformity  in  the  Kennicott  formation  or  between  the  Kennicott 
and  a  succeeding  formation,  but  the  relation  appears  to  be  one  of 
conformity  in  other  places  west  of  this  creek  where  the  contact  was 
examined.    Flat-topped  or  mesa-like  hills  composed  of  conglomerate 
beds  dipping  low  to  the  south  are  scattered  along  the  top  of  this 
ridge  both  to  the  east  and  to  the  west  of  this  section.    According  to 
Schrader's  field  notes  of  1900,  the  conglomerate  on  the  west  end  of 
the  ridge  south  of  Young  Creek  is  interstratified  with  a  few  beds  of 
arkose  sandstone  and  probably  does  not  exceed  500  feet  in  thickness. 
It  contains  granite  bowlders  up  to  9  inches  in  diameter,  dark  lime- 
stone, flint,  quartz,  gray  slate  and  grit,  and  green  gneissic  rock,  but 
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Schrader  did  not  find  any  pebbles  of  Nikolai  greenstone.  The  arkose 
or  sandstone  underlying  the  conglomerate  was  measured  by  Schrader 
in  a  very  favorable  section,  where  the  dip  was  low  to  the  south-south- 
east, and  was  found  to  be  between  2,000  and  2,500  feet  in  thickness. 

There  is  no  reason  to  doubt  that  this  succession  of  shales,  lime- 
stones, sandstones,  and  conglomerate  found  in  the  ridge  south  of 
Young  Creek  corresponds  to  the  bedded  rocks  seen  in  the  high  moun- 
tains at  the  head  of  Copper,  Rex,  and  White  creeks.  It  therefore 
represents  the  upper  part  of  the  Kennicott  formation  as  it  is  known 
at  present. 

The  unconformable  relation  of  the  Kennicott  formation  to  the 
older  sedimentary  rocks  and  the  Nikolai  greenstone  is  plainly  seen 
in  both  the  localities  whose  sections  have  been  described  and  is  shown 
in  the  view  (PL  VII,  A  and  B)  taken  at  the  head  of  Nikolai  Creek. 
Kennicott  sediments  there  rest  on  the  upturned  and  truncated  beds 
of  the  Nikolai  greenstone,  the  Chitistonc  limestone,  and  the  Mc- 
Carthy shale.  The  dip  of  the  younger  beds  is  low  in  most  places, 
ranging  from  10°  to  20°  W.  or  SW.  On  the  other  hand,  the  dip 
of  the  underlying  sediments  and  the  lava  flows  (Nikolai  greenstone) 
are  considerably  greater  and  in  a  different  direction,  averaging  about 
30°  or  35°  NE. 

One  feature  of  the  Jurassic  sediments  that  is  more  noticeable  on 
AVhite  and  Young  creeks  than  in  other  parts  of  the  district  is  the 
rapidity  with  which  they  break  down  under  the  action  of  weathering. 
Such  topographic  forms  as  Blei  Gulch  and  the  gulches  tributary 
to  Young  Creek  are  due  to  this  cause.  Blei  Gulch  in  particular 
shows  how  readily  the  shales  are  attacked  and  how  little  they  are 
able  to  resist  the  attacks  as  compared  with  the  greenstone  and  lime- 
stone. The  soft  shale  debris  accumulates  faster  than  the  water  can 
carry  it  away  and  the  mouth  of  the  gulch  is  choked  with  it. 

The  Kennicott  was  deposited  on  an  old  submerged  land  surface. 
In  a  broad  wav  this  surface  on  which  the  Kennicott  formation  of 
Nikolai  Creek  lies  was  flat,  but  it  is  readily  seen  on  examining  the 
contact  that  there  were  minor  irregularities  in  it  such  as  are  present 
in  any  level  country.  The  conglomerate  and  graywacke  beds  of  the 
basal  Kennicott  sjig  down  into  hollows  of  the  underlying  surface, 
and  at  one  locality  pebbles  and  sand  were  seen  filling  old  cracks  in 
the  Chit ist one  limestone. 

DISTBIBUTION. 

The  Kennicott  formation  occupies  probably  three-fourths  of  the 
total  area  represented  on  the  geologic  map  (PL  III,  in  pocket),  for  if 
a  line  be  drawn  from  the  mouth  of  National  Creek  to  Pyramid  Peak 
practically  all  of  the  consolidated  deposits  south  of  it  are  Kennicott. 
It  forms  the  high  angular  mountains  between  Dan  and  Chititu 
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creeks  and  makes  up  the  principal  part  of  Porphyry  and  Sourdough 
peaks,  although  its  presence  is  so  obscured  by  porphyry  intrusions 
in  these  two  last-mentioned  mountains  that  its  amount  is  apt  to  be 
underestimated.    It   doubtless   underlies  also 

the  gravel  deposits  of  the  lowland  south  of     |  ^^  ,^b„„u„hh 

Nizina  River.  S  iL^P"*""^ 

Without  question  Jurassic  sediments  are  far 
more  widespread  in  Chititu  Valley  than  was 
suspected  before  the  field  work  of  1909  was 
undertaken.    They   extend   eastward    beyond     , 
the  Nizina  district  into  the  upper  valley  of     |  ""iS^i^MiUS"' 

the  Chitina  and  westward  along  the  flanks  of  • 
the  Wrangell  Mountains,  where  it  is  certain 
that  they  have  not  been  fully  differentiated 
from  the  Triassic  shales,  just  as  was  true  in 
the  Nizina  district.  The  separation  of  Juras- 
sic from  Triassic  shales  will  require  more  de 
tailed  field  work  than  has  yet  been  given  them. 


No  such   favorable   section   was   found   for 
measuring  the  thickness  of  the  Kennicott  for- 
mation   as   that    furnished    by    the    walls    of     j 
Nizina    River   for   measuring  the   Chitistone     s  ie»^iiii.«rtoiil 

limestone,  and   the  figures  given  are  secnre<l     ' 
from  a  study  of  a  number  of  sections  at  differ-     5 
ent   localities    (fig.    3).     The   total   thickness     ' 
given    should    be    regarded    as    having    only 
approximate  accuracy. 

The  coarse  fragniental  beds,  including  Con- 
glomerate and  grit  at  the  base  of  the  Kenni- 
cott, range  in  thickness  from  25  to  150  or  200  ^Sh;i'«^"'™'J 
feet.     An   intermediate  figure  of  100  to   ITiO  Krr.j.WT'i" 
feet  is  believed  to  represent  a  fair  estimate  for 

the  thickness  of  these  beds  throughout  the  dis-  TniMir  Bh.it-iinifr 

trict.     It  seems  proper  to  include  the  yellow-  .»!>.■  i*<i«. 

weathering  shales  and  sandstones  of  Nikolai 

Creek  with  the  black  shales,  smce  they  are  a  loimmar  hpcHoq  ot  tup 
local  feature  and  contemporaneous  in  time  of  JurBSHic  sMUmentB  in 
deposition  with  the  lower  part  of  the  black 

shale  south  of  Niaina  River.  On  this  basis  the  black  shale  mem- 
ber at  the  heads  of  Copper  and  Rex  creeks  has  a  minimum  thick- 
ness of  not  less  than  4,500  feet,  yet  the  black  shales  of  Williams 
Peak  south  of  Dan  Creek  suggest  a  considerably  greater  thick- 
ness, possibly  as  much  as  fi.OOO  feet.  This  measurement  includes 
all  beds  from  the  lop  of  the  ciiiiglomerate  and  grit  to  the  liegiri- 
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ning  of  the  interbedded  shale-sandstone  succession  that  forms  the 
tops  of  the  high  mountains  at  the  heads  of  Copper  and  Rex  creeks 
and  the  upper  part  of  the  ridge  south  of  Dan  Creek.  The  shale- 
sandstone  member  has  a  thickness  of  about  2,500  feet  If,  now, 
500  feet,  representing  the  heavy  conglomerate  of  Young  Creek,  be 
added  to  the  measurements  already  given,  a  minimum  thickness  of 
over  7,500  feet  is  obtained  for  the  Kennicott  formation  in  the  Nizina 
district. 


AGE    AND   CORRELATION. 


Fossils  have  been  collected  from  all  parts  of  the  Kennicott  forma- 
tion, but  unfortunately  the  stratigraphic  range  of  the  forms  is  sd 
great  that  they  do  not  fix  its  age  definitely.  It  appears  most  prob- 
able* that  the  Kennicott  formation  was  laid  down  in  Upper  Jurassic 
time,  but  there  is  a  possibility  of  its  being  Lower  Cretaceous.  The 
probability  of  its  Jurassic  age  rests  in  considerable  measure  on  the 
presence  of  a  species  of  - 1  ucella  collected  first  by  Rohn  and  later  by 
Schrader  and  Spencer  and  identified  by  T.  W.  Stanton.  Schrader 
and  Spencer  collected  fossils  at  other  localities  as  well  as  in  the  Nizina 
district,  and  on  the  evidence  of  these  fossils  the  formation  was 
referred  to  "  the  doubtful  series  lying  at  the  top  of  the  Jurassic  or  at 
the  base  of  the  Cretaceous." « 

The  list  of  fossils  follows. 


Inoceramu8  eximius  Eichwald? 

Beleiiinites  sp. 

Ilalobia  (K/cidentalis  Whitoaves? 

Kliynclionella  sp. 

Pwten  sp. 

Avion  la  sp. 


AnceUa  paUsRi  KeyserUng? 
Lytoceras  sp. 
Ploplltes  sp. 
Olcostephamis?  sp. 
(iryplitea  sp. 
Sagenopteris  sp. 


Concerning  Inoceramys  exhnius  Dr.  Stanton  says:* 

This  form  is  represented  by  a  single  specimen  collected  on  Chitty  Creek. 
It  may  be  distinct  from  Eicliwald's  species  originally  described  from  Turkasitun 
Bay,  in  Cook  Inlet,  and  referred  by  liim  to  the  Neocomian.  Kichwald  described 
three  other  species — /.  ambiguus,  I,  porrectus,  and  /.  lucifer — all  belonging 
to  one  section  of  Inoccramus  from  the  same  horizon  in  Alaska.  The  present 
shell  does  not  agree  i)erfectly  with  any  of  the  figures,  but  it  is  most  nearly 
like  /.  eximius  and  probably  comes  from  the- same  formation.  Similar  forms 
occur  both  in  the  Jurassic  and  in  the  Cretaceous,  but  the  evidence  of  the  other 
fossils  from  this  part  of  Alaska  farors  the  reference  of  the  Kennicott  forma- 
tion to  the  Jurassic. 

«  Schrader,  F.  C,  and  Sponcer,  A.  C,  The  geology  and  mineral  resources  of  a  portion  of 
the  Copper  River  district,  Alaska:  Special  publication  of  the  U.  S.  Geol.  aurve.v.  1901, 
p.  50. 
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Of  the  form  referred  with  a  question  to  Halohia  orcidev talis  Dr. 
Stanton  says: 

The  specimens  agree  fairly  well  in  sculpture  and  general  appearance  witb 
some  of  the  figures  of  Whiteaves's  species  from  the  Liard  River  and  may  be 
identical  with  it.  They  are,  however,  somewhat  suggestive  of  Hinnites  linwnsis, 
from  the  Jurassic  (?)  of  Siberia. 

Sagenopteris  is  a  genus  which  occurs  both  in  the  Jurassic  and  in  the  Cre- 
taceous, but  the  si)ecies  is  thought  by  Prof.  Ward,  to  whom  it  was  shown,  to  be 
Dear  a  species  occurring  in  the  Jurassic  of  the  Pacific  coast. 

Concerning  the  general  relations  of  the  fossils  from  the  Kennicott 
formation  Dr.  Stanton  observes : 

These  fossils  are  all  either  Upper  Jurassic  or  Cretaceous,  with  a  suggestion 
of  a  somewhat  younger  age  for  a  few  localities.  In  the  present  state  of  knowl- 
edge and  with  these  small  collections  it  is  not  practicable  to  determine  whether 
they  represent  one  horizon  or  several.  In  my  opinion,  they  probably  all  belong 
to  the  Upper  Jurassic,  though  subsequent  work  may  show  the  contrary.  The 
question  is  connected  with  the  still  unsolved  problem  of  the  exact  boundary 
between  the  Jurassic  and  the  Cretaceous  in  the  AnceUa-bearlng  beds  of  Russia. 
Siberia,  and  the  Pacific  coast  region  of  North  America.  The  Aucella  occurring 
in  the  Copper  River  district  appears  to  be  referable  to  a  Russian  Jurassic 
species,  but  it  is  also  quite  similar  to  the  Cretaceous  form  in  the  lower  Knox- 
vllle  beds  of  California.  The  few  other  forms  are  mostly  undescribed  siiecies 
of  types  that  occur  both  in  the  Jurassic  and  in  the  Lower  Cretiiceous. 

A  single  fossil  collected  on  Chititu  Creek  in  1907  was  referred  to 
Dr.  Stanton  and  described  by  him  thus: 

Chititu  Creek  : 

4811;  No.26— 

Perisphinctes,  sp.    This  ammonite  is  not  a  typical  Perlsphlnctes,  but  it 
is  probably  of  Jurassic  nge,  certainly  not  older  than  Jurassic. 

The  much  larger  collection  made  in  1909  was  also  referred  to  Dr. 
Stanton,  who  says  of  them:  "The  fossils  from  the  Kennicott  indi- 
cate that  one  fauna  ranges  throughout  the  formation  and  that  its 
age  is  most  probably  Jurassic,  though  the  types  represented  in  the 
collection  are  not  as  definite  as  could  be  wished  for  determining 
between  Jurassic  and  Cretaceous.  The  entire  absence  of  Aucella  is 
noteworthy  in  view  of  the  fact  that  that  genus  has  previously  been 
reported  from  the  formation."  The  list  of  fossils  arranged  by  lo- 
calities and  with  the  catalogue  numbers  of  the  National  Museum 
follows. 

McCarthy  Creek: 
6301— 

Inoceramus  sp. 
6313— 

Lytocerns  sp. 
Phylloceras  sp. 

Base  of  Kennicott 
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Nikolai  Creek: 
0302— 

luooeranius  sp. 

Hnne  of  Kennlcott. 
6304— 

Rhynchonella  sp. 
Pecten  gp. 

Base  of  Kennioott. 
6305— 

Rhynchonella  sp. 
Terebratella  ?  sp. 
Elxogyra  sp. 
Pecten  sp. 

Collected  near  6304. 
aS07— 

Phylloceras  sp. 
6308— 

Inoceramus  sp. 

I^wer  part  of  Kennioott  formation. 
6309— 

Rhynchonella  sp. 
Inoceramus  sp. 
0310— 

Rhynchonella  sp. 
Terebratella?  sp. 

Base  of  Kennlcott  formation. 
aS31— 

Rhynchonella  sp. 
Terebratella?  sp. 
Ostrea  sp. 

Rear  biise  of  Kennlcott  formation. 
Sonrdough  Hill : 
6315— 

Inoc'eramns  sp. 
Dan  Creek: 

Inoceramus  sp. 
6318— 

Bowlder  in  conglomerate  of  Kennlcott  formation. 
Halobia  superba  Mojsisovlcs? 
Copper  Creek: 
(^322— 

Rhynchonella  sp. 
Undetermined  small  Pelecypoda. 
Natica  sp. 
Undetermined  ammonite. 

Base  of  Kennlcott  formation. 
Texas  (^reek : 
6334— 

Phylloceras?  sp. 
Rex  Creek: 
6324— 

Irregular  e<'hinold,  crushed  specimens. 
Pecten  sp. 
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Rex  Creek — Continued. 
6324— Continued. 

Terebratula  sp. 

Ostrea  sp. 

Anomia  sp. 

Inoceramus  sp. 

Nucula  sp. 

Area  sp. 

Undeterttiined  Gastropoda. 

Phylloceras  sp. 

Shark's  teeth. 

Well  up  in  the  Kennicott  formation. 
6425— 

Serpula  sp. 

Ostrea  sp. 

Pecten  sp. 

Area  sp. 

Cyprlna?  sp. 

Corbula  sp. 

Aporrhals  sp. 

Chemnltzla?  sp. 

Crloceras?  sp. 
6426— 

Fragment  of  large  ammonite. 

Higher  in  the  formation  than  6324. 
6336— 

Undetermined  fragmentary  anmionlte. 
White  Creek : 
6327— 

Ostrea  sp. 

T'pper  part  of  Kennicott  formation. 
6328— 

Fragment  of  large  ammonite. 
High  up  In  the  Kennicott. 
Young  Creek : 
6329— 

Cyprina?  sp.   (fragment). 

The  absence  of  Aucella  from  the  collections  of  1909  raises  a  ques- 
tion concerning  the  Kennicott  that  can  not  be  answered  with  the  data 
at  hand.  If,  as  seems  probable,  its  absence  is  due  merely  to  the  fail- 
ure to  find  it,  there  is  no  reason  to  suspect  any  difference  in  age  of 
the  Kennicott  sediments  east  and  west  of  Kennicott  Glacier.  If,  on 
the  other  hand,  it  does  not  occur  east  of  Kennicott  Glacier,  the  pos- 
sibility that  the  basal  Kennicott  beds  west  of  the  glacier  are  older  or 
that  the  sediments  of  the  two  localities  are  not  correctly  correlated  is 
apparent. 

It  will  be  seen  from  the  table  of  correlation  (pp.  2G~27)  that 
Jurassic  sediments  are  widespread  in  Alaska.  They  are  found  along 
the  Pacific  coast  side  from  southeastern  Alaska  to  the  peninsula,  and 
again  on  the  Arctic  slope,  but  are  not  known  in  the  Yukon  Basin. 
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Attention  is  directed  more  particularly  to  the  Nabesna- White  district, 
the  Matanuska  and  Talkeetna  district,  and  the  region  of  Cook  Inlet 
and  the  Alaska  Peninsula. 

The  Nutzotin  Mountains,  northeast  of  the  Wrangell  group,  consist 
of  a  great  thickness  of  banded  slates,  graywackes,  and  conglomerates 
associated  with  limestone  and  sandstone  beds  in  minor  amount. 
Upper  Jurassic  fossils  were  collected  from  these  beds,  but  the  beds 
are  very  imperfectly  known,  and  it  is  highly  probable  that  they  in- 
chide  also  Triassic  or  even  older  beds.  They  are  exposed  in  the 
canyon  of  Chisana  River  for  a  distance  of  18  miles,  and,  although 
they  are  much  folded,  it  is  evident  that  their  thickness  is  great. 

Lower  Middle  Jurassic  and  middle  and  upper  Middle  Jurassic 
sediments  occupy  extensive  areas  in  the  region  of  Matanuska  and 
Talkeetna  rivers.**  The  lower  Middle  Jurassic  rocks  have  a  thickness 
of  2,000  feet,  more  or  less,  and  consist  of  shales,  sandstone,  and  con- 
glomerate, with  coal,  associated  with  andesitic  greenstone,  tuffs, 
agglomerates  and  breccias,  rhyolites,  dacites,  and  tuffs.  On  these 
was  deposited  unconformably  more  than  2,000  feet  of  middle  and 
upper  Middle  Jurassic  shales,  sandstones,  conglomerates,  tuff,  and 
nrkose,  with  coal.    More  than  1,000  feet  of  this  is  conglomerate. 

The  Jurassic  rocks  of  Cook  Inlet  and  the  Alaska  Peninsula  were 
studied  by  Stanton  and  Martin  in  1904 '^  and  again  by  Martin  in  the 
region  of  Iliamna  Bay  in  1909.  They  include  rocks  of  Lower,  Middle, 
and  Upper  Jurassic  age.  The  deposits  referred  to  the  Lower  Jurassic 
consist  chiefly  of  water-laid  tuffs,  and  are  found  at  Seldovia,  on  the 
east  side  of  Cook  InleK  and  probably  on.  the  west  side  also.  The 
Middle  Jurassic  sediments,  called  by  Stanton  and  Martin  the  Enoch- 
kin  formation,  include  shale  and  sandstone,  with  a  few  thin  beds  of 
limestone  and  conglomerate,  and  reach  a  thickness  of  2,415  feet  on 
the  shore  of  Chinitna  Bav.  This  section  does  not  include  the  lower 
part  of  the  Enochkin  formation,  yet  the  thickness  given  represents 
what  is  probably  the  average  thickness  of  the  formation.  Upper 
Jurassic  sediments  succeeded  the  Enochkin  formation.  They  were 
first  described  by  Spurr*^  and  received  their  formation  name  from 
Naknek  Lake.  The  Naknek  formation  includes  shale,  sandstone, 
conglomerate,  arkose,  tuff,  and  andesite.  A  thickness  of  5,137  feet 
of  rocks  belonging  to  this  formation  was  measured  by  Stanton  and 
Martin  on  the  north  shore  of  Chinitna  Bay.  Lower,  Middle,  and 
Upper  Jurassic  deposits  thus  reach  a  thickness  of  7,500  to  8,500  feet 
in  this  region. 

«  Paige,  Sidney,  and  Knopf,  Adolph,  Geologic  reconnaissance  in  the  Matanuska  and  Tal- 
keetna basins,  Alaska :  Bull.  U.  S.  Oeol.  Survey  No.  327,  1907,  pp.  16  and  following. 

*  Stanton,  T.  W.,  and  Martin,  O.  C,  Mesozolc  section  on  Cook  Inlet  and  Alaska  Penin- 
sula:  Bull.  Geol.  Soc.  America,  vol.  16,  1905,  pp.  391-410. 

<*  Spurr,  J.  E.,  A  reconnaissance  of  southwestern  Alaska :  Twentieth  Ann.  Rept.  U.  SL 
Geol.  Survey,  pt.  7,  1900,  pp.  169-171. 
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It  has  been  seen  from  the  brief  description  given  that  the  Jurassic 
section  is  more  nearly  complete  as  it  is  traced  westward  from  the 
Chitina  Valley.  The  evidence  is  too  incomplete  to  draw  definite  con- 
clusions, but  it  appears  that  about  the  lower  part  of  Cook  Inlet 
Lower,  Middle,  and  Upper  Jurassic  sediments  are  present,  that  in 
the  Talkeetna  and  Matanuska  district  the  Lower  Jurassic  is  lacking, 
and  that  in  the  Chitina  Valley  both  Lower  and  Middle  Jurassic  are 
absent.  A  possible  explanation  of  this  condition  is  that  the  invasion 
of  the  Jurassic  sea  was  from  the  west  and  that  the  successive  drop- 
ping out  of  the  lower  members  from  the  .stratigraphic  section  is  evi- 
dence of  progress  in  the  ea^stward  advance.  This  explanation,  how- 
ever, is  not  the  only  one,  for  the  lower  divisions  of  the  Jurassic  may 
yet  be  found  in  the  Chitina  Valley,  or  they  may  have  been  removed 
by  erosion  if  ever  present.  In  this  connection,  also,  attention  may 
once  more  be  drawn  to  the  fact  that  the  known  Jurassic  sediments 
of  Alaska  are  found  on  its  Arctic  and  Pacific  sides.  They  have  not 
been  discovered  in  the  Yukon  Basin. 

QUATERNARY  SYSTEM. 
PBEOLACIAL  CONDITIONS. 

So  far  as  known,  the  region  under  discussion  was  elevated  above 
sea  level  at  the  end  of  Eocene  time  and  has  ever  since  remained  a  land 
area.  During  and  after  the  cessation  of  the  mountain-building  proc- 
esses which  raised  the  land  to  its  present  elevation  stream  erosion  was 
active  and  well-developed  drainage  systems  were  formed,  the  area  and 
distribution  of  which  were  perhaps  very  much  as  they  are  to-day.  The 
topography  of  the  land  surface  and  the  arrangement  of  the  smaller 
drainage  lines  must,  however,  have  been  greatly  different  from  those 
existing  at  present.  The  relief  was  developed  by  stream  erosion,  and 
in  a  region  of  such  great  relief  the  streams  must  have  occupied  narrow 
V-shaped  valleys,  with  the  spurs  between  the  lateral  tributary  val- 
leys overlapping  m  such  a  way  as  to  give  the  streams  a  somewhat 
sinuous  course  around  the  points  of  the  interlocking  spurs.  Further- 
more, there  must  have  been  a  heavy  covering  of  residual  soil  and  rock 
waste  mantling  the  ridgea  Stream  erosion  was  the  controlling  factor 
in  the  development  of  the  topography  up  to  the  beginning  of  Pleisto- 
cene time.* 

PLEISTOCEKE  ("  OLACIAX  **)  EPOCH. 
CHARACTER    AND    EXTENT    OF    GLACIATION. 

A  change  in  climatic  conditions  inaugurated  the  Pleistocene  epoch, 
with  a  lowering  of  the  temperature  or  an  increase  in  precipitation,  or 
both.  Ice  began  to  form  in  the  heads  of  the  more  favorably  situ- 
ated valleys,  and  with  the  gradual  accumulation  of  ice  glacial 
movement  was  started.  The  small  glaciers  which  formed  in  the 
heads  of  a  great  number  of  separate  valleys  moved  gradually  down- 
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.  ward  to  meet  and  merge  in  the  main  valleys.  Three  primary  glaciers 
existed  within  the  limits  of  this  district,  two  of  them  (in  the  Kenni- 
cott  and  the  Nizina  valleys)  moving  southward  and  one  (in  the 
Chitina  Valley)  moving  westward. 

It  is  possible  that  the  Pleistocene  epoch  has  been  represented  in 
these  mountains  by  more  than  one  great  ice  advance,  with  interglacial 
epochs  in  which  the  ice  diminished  greatly  in  area  and  may  even 
have  disappeared  in  large  part.  No  direct  evidence  has  been  obtained 
that  this  was  the  case  in  Alaska,  as  the  last  great  ice  advance  oblit- 
erated all  evidence  of  previous  advances.  In  other  mountain  regions 
in  the  United  States  and  Canada  a  succession  of  ice  advances  has 
been  established,  and  somewhat  similar  conditions  have  probably 
prevailed  in  Alaska.  The  effects  of  earlier  ice  invasions  may  have 
had  an  important  influence  upon  the  erosion  of  the  deep  glacial  val- 
leys of  this  region,  but  the  immediate  effects  now  remaining,  such  as 
the  distribution  of  moraines  and  glacial  gravels,  are  to  be  ascribed  to 
the  action  of  the  last  great  glaciers  which  filled  these  valleys. 

As  already  stated,  the  dissection  of  the  area  in  preglacial  time 
had  l)een  accomplished  by  normal  stream  erosion.  Great  quanti- 
ties of  soil  and  rock  waste  were  ready  at  hand  for  the  glaciers,  and 
these  materials  were  incorporated  into  the  advancing  ice  tongues 
and  served  as  abrasives  for  the  glaciers  to  use  in  the  further  grind- 
ing out  of  their  beds.  As  they  advanced  down  their  valleys  they 
encountered  opposition  from  the  spurs  which  projected  into  the  val- 
leys, and  as  the  ice  was  able  to  override  these  spurs  it  was  upon 
them  that  its  erosion  was  most  effective.  This  selective  erosion  of 
projecting  bodies  of  rock  was  carried  on  continuously,  and  the 
resultant  is  the  broad,  U-shaped,  troughlike  gorge  which  is  recog- 
nized as  the  evidence  of  severe  glacial  erosion.  Erosion  in  the  val- 
leys, however,  was  not  confined  to  the  removal  of  overlapping  spurs. 
The  rock  fragments  held  in  the  bottoms  of  the  glaciers  and  pressed 
down  upon  their  floors  by  the  weight  of  several  thousand  feet  of  ice 
formed  admirably  adapted  tools  for  grinding  down  the  floors  and 
rasping  away  the  walls.  It  is  impossible  to  estimate  with  any  degree 
of  accuracy  the  amount  of  glacial  deepening  which  the  trunk  valleys 
have  undergone.  The  difference  in  elevation  between  the  mouth  of  a 
hanging  tributary  valley  and  the  floor  of  the  main  valley  below  may 
be  considered  to  offer  a  fair  basis  for  estimating  this  deepening,  and  in 
many  places  this  discordance  is  from  1,000  to  1,500  feet.  Some  such 
figure  may  well  represent  the  depth  to  which  glacial  scour  has  low- 
ered the  larger  valleys. 

At  the  time  of  the  last  great  period  of  glaciation  the  Nizina  re- 
gion was  invaded  by  an  ice  flood  which  covered  it  to  such  an  extent 
that  the  surface  relief  w^ithin  the  area  was  not  more  than  4,500  feet 
as  compared  with  more  than  7,700  feet  at  the  present  time.    Only 
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the  high  ridges  between  the  principal  drainage  lines  projected  above 
the  surface  of  the  ice  streams.  The  land  areas  were  restricted  to 
narrow,  angular  masses  of  irregular  outline  cut  into  on  all  sides  by 
the  smaller  glaciers,  which  headed  back  toward  the  crests  of  the 
divides.  An  attempt  has  been  made  (PI.  Ill,  in  pocket)  to  outline 
the  land  areas  which  projected  above  the  glaciers.  This  outline  can 
not  be  considered  as  exact,  but  it  must  represent  with  a  fair  degree 
of  accuracy  the  areas  which  stood  up  above  the  ice  surface.  Of  the 
total  area  of  the  Nizina  special  map  (300  square  miles)  only  about  18 
square  miles  remained  unglaciated. 

The  depth  at  which  the  ice  stood  in  the  different  valleys  can  in 
favorable  places  be  determined  rather  closely  by  the  present  distri- 
bution of  glacial  moraines  and  erratic  bowlders  and  by  the  shapes 
of  the  eroded  valley  walls.  Certain  mountains,  we  know,  must  have 
stood  above  the  glaciers,  because  of  the  angular,  rugged  character  of 
their  summits,  which  fail  to  show  the  effects  of  the  abrasive  action 
of  the  ice.  Other  mountains,  we  know,  must  have  been  overridden  by 
the  ice,  because  of  their  smoothed  and  rounded  outlines  and  because 
of  the  occurrence  on  their  tops  of  glacial  bowlders  of  rocks  which 
occur  in  place  nowhere  in  the  vicinity  of  their  present  resting  places. 
From  such  evidence  it  is  found  that  in  Nizina  Valley,  at  Sourdough 
cabins,  the  top  of  the  glacier  must  have  stood  more  than  3,000  feet 
above  the  present  river  flat. 

CIIITINA    ULACIKB. 

The  Chitina  Valley,  which  extends  from  the  head  of  Chitina  River 
near  the  international  boundary  in  a  west-northwest  direction  to  the 
Copper  River  basin,  is  the  channel  which  drained  all  the  ice  fields 
from  the  south  side  of  the  Wrangell  Mountains  as  well  as  those  from 
the  north  slope  of  the  Chugach  Range.  Although  only  one  edge  of 
the  Chitina  Glacier  lay  within  the  area  of  the  Nizina  special  map,  it 
may  not  be  out  of  place  to  give  here  some  idea  of  the  size  of  this 
ice  tongue  as  a  whole.  At  its  maximum  it  was  about  120  miles  long 
in  its  own  valley,  and  it  joined  the  Copper  River  Glacier,  the  length 
of  which  below  the  junction  of  the  Chitina  is  not  known,  although 
it  must  have  been  considerable.  The  ice  field  had  a  width  for  portions 
of  its  course  of  20  miles  and  averaged  about  12  miles,  so  that  its 
total  area  was  not  far  from  1,500  square  miles,  exclusive  of  all  tribu- 
tary glaciers.  South  of  this  area  it  w^as  certainly  close  to  4,000  feet 
in  thickness  and  may  have  been  much  thicker.  On  account  of  its 
great  thickness  the  ice  surmounted  the  divide  between  Chitina  River 
and  Young  Creek  and  pushed  to  the  northwest,  covering  the  ridge 
between  Young  and  Chititu  creeks,  so  that  the  northern  boundary  of 
this  great  ice  field  was  here  the  high  mountain  ridge  north  of  White 
Creek.    That  it  completely  covered  the  high  divides  south  of  this 
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ridge  is  evident  not  ojily  from  the  smoothed  and  subdued  slopes 
of  their  summits  but  from  the  presence  on  them  of  scattered  bowl- 
dere  of  rocks  strange  to  this  immediate  vicinity.  In  Chititu  and 
White  creeks  there  are  numerous  bowlders  of  greenstone,  although 
none  occurs  in  place  within  this  drainage  basin.  Their  presence 
here  as  well  as  that  of  the  native  copper  and  silver  found  in  the 
placer  gravels  is  doubtless  due  to  the  transportation  of  glacial  ice, 
the  bowlders  in  White  Gulch  having  been  brought  from  the  east  by 
the  Chitina  Glacier,  and  tlie  bowlders  in  Rex  and  Chititu  creeks 
either  by  the  same  ice  tongue  or  from  the  north  by  the  Nizina  Glacier. 
Much  of  the  native  copper  and  greenstone  of  Young  Creek  was 
brought  in  by  the  Chitina  Glacier,  although  there  may  be  greenstone 
in  place  at  the  head  of  this  creek.  There  is  still  a  large  glacier  at 
the  head  of  Chitina  Valley,  though  little  is  known  of  its  length  or 
appearance. 

NIZINA   GLACIER. 

The  head  of  the  Nizina  Basin  is  still  occupied  by  a  great  glacier, 
which  now  terminates  about  11  miles  above  the  mouth  of  Chitistone 
River.  The  valley  below,  however,  shows  strongly  the  erosion  of  the 
former  glacier  which  moved  down  it.  Tributary  ice  tongues  entered 
the  valley  from  both  sides  north  of  the  area  here  considered,  but 
within  it  the  large  branches  all  came  in  from  the  east.  The  north- 
ernmost and  by  far  the  mont  important  branch  came  down  the  Chit- 
istone Valley.  This  stream  drains  a  basin  which  extends  northeast 
to  Skolai  Pass  and  east  into  a  range  of  high  glaciated  mountains. 
That  the  valley  was  the  outlet  for  a  vigorous  glacier  is  evident  from 
the  steep-walled  trough  through  which  the  stream  now  flows.  The 
valley  floor  near  the  mouth  of  the  canyon  is  only  three-eighths  mile 
wide,  but  the  ice  in  it  once  reached  a  depth  of  at  least  3,500  feet  and 
was  able  to  keep  its  trough  cut  down  to  grade  with  the  floor  of  the 
Nizina  Valley.  Toward  the  lower  end  of  the  Chitistone  Valley  the 
tops  of  the  mountains  on  both  the  north  and  the  south  sides  are  flat 
and  mesa-like,  and,  although  the  valley  glacier  did  not  extend  up  to 
these  mesas,  they  were  occupied  by  glaciers  which  must  have  extended 
to  their  edges  and  cascaded  down  upon  the  valley  glacier  below,  so 
that  only  a  portion  of  the  steep  cliffs  at  the  upper  limit  of  the  valley 
walls  were  free  from  ice. 

Five  miles  south  of  the  Chitistone  a  tributary  ice  tongue  fed  into 
the  Nizina  from  Dan  Creek.  This  lobe  drained  the  ice  from  a  much 
smaller  basin  than  the  Chitistone  and  excavated  its  valley  much  less 
severely.  In  it  the  depth  of  the  ice  was  great,  but  this  was  due  more 
to  the  damming  back  by  the  great  glacier  in  the  Nizina  Valley  than 
to  its  own  supply,  and  the  movement  must  have  been  comparatively 
sluggish.    Besides  receiving  ice  from  a  large  number  of  cirques,  some 
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of  which  are  still  occupied  by  small  glaciers,  this  lobe  was  fed  by  the 
ice  sheet  on  the  mesa  to  the  north.  This  ice  sheet  still  exists  and 
covers  most,  of  the  flat  uplands,  but  now  sends  ice  over  its  edge  at 
only  a  few  points. 

The  main  valleys  of  Chititu  and  Young  creeks  were  invaded  by 
ice  from  the  Chitina  Glacier,  which  spread  over  the  intervening  ridges 
and  made  a  continuous  ice  sheet  from  Chititu  Creek  to  the  south  side 
of  the  Chitina  Valley.  Rex  Creek,  however,  was  separated  by  a  high 
ridge  from  the  Chitina  ice  and  sent  down  a  tributary  tongue  to  join 
the  great  ice  flood  at  the  junction  of  the  Nizina  and  Chitina  glaciers. 

KENNICOTT   GLACIEB. 

The  JCennicott  Basin  is  occupied  in  its  upper  portion  by  a  glacier 
which  extends  within  5  miles  of  the  mouth  of  Kennicott  River.  The 
area  of  the  Nizina  special  map  includes  about  10  square  miles  of  the 
eastern  edge  of  this  ice  tongue.  A  line  drawn  frcMn  Kennicott  to  the 
point  of  junction  of  the  two  principal  branches  of  the  glacier  sepa- 
rates the  white  ice  of  the  east  fork  from  the  moraine-covered  ice  of 
the  lower  portion.  The  west  fork,  which  is  the  larger,  heading  on  the 
flanks  of  Mount  Blackburne,  shows  a  banded,  ribbon-like  surface  of 
lines  of  white  ice  alternating  with  long  surface  moraines.  Below  the 
junction  of  the  two  branches  the  white  bands  disappear  and  the 
glacier  presents  a  chaotic  surface  of  sharp  hills  and  deep,  wide- 
mouthed  crevasses,  all  more  or  less  thickly  covered  with  debris.  Part 
of  the  drainage  from  the  melting  ice  runs  off  as  streams,  which  flank 
the  lower  portion  of  the  glacier  on  either  side,  but  much  the  greater 
part  of  the  water  emerges  from  what  is  known  as  the  "  pothole,"  at 
the  lower  end  of  the  glacier.  The  pothole  is  the  mouth  of  a  subglacial 
channel,  and  Kennicott  River  boils  out  of  this  opening  as  a  gigantic 
spring.  In  winter  the  pothole  has  been  known  to  freeze  up,  damming 
back  the  water  until  sufficient  hydraulic  pressure  has  been  developed 
to  break  away  the  ice,  when  a  torrent  of  water  rushes  down  Kennicott 
and  Nizina  rivers,  sometimes  flooding  the  ice  all  the  way  to  Copper 
River. 

The  severity  of  the  earlier  glaciation  in  the  Kennicott  Valley  is 
comparable  to  that  of  the  Nizina.  The  ice  extended  southward  to 
join  the  great  Chitina  Glacier,  which  had  already  been  swelled  by  the 
ice  from  the  Nizina.  The  surface  of  the  glacier  at  Kennicott  then 
stood  about  3,000  feet  higher  than  it  does  to-day,  and  the  severity  of 
its  erosion  is  shown  by  the  straight  lines  of  the  contours  along  the 
mountain  sides  and  by  the  complete  absence  of  projecting  spurs. 

The  Kennicott  Glacier  had  within  this  area  one  important  tributary, 
which  occupied  the  valley  of  McCarthy  Creek.  Its  course,  like  that 
of  the  Kennicott  and  Nizina  glaciers,  was  from  north  to  south,  and 
its  erosion  was  sufficient  to  reduce  its  valley  to  a  straight,  U-shaped 
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trough.  Within  the  area  of  this  map  all  the  important  tributaries 
to  McCarthy  Creek  Glacier  came  in  from  the  east,  especially  from 
the  valleys  of  Nikolai  Creek  and  East  Fork.  At  one  time  the  ice 
surface  stood  1,000  feet  above  the  divide  at  the  head  of  South  Fork 
of  Nikolai  Creek,  and  it  is  probable  that  some  of  the  ioe  from  the 
Nizina  Glacier  moved  westward  over  this  col  and  then  down  the 
McCarthy  Creek  valley.  Below  Sourdough  Peak  the  Kennicott, 
McCarthy,  and  Nizina  glaciers  all  joined  the  great  Chitina  ice  stream 
and  moved  northwestward  down  the  Chitina  Valley. 

In  the  preceding  paragraphs  the  attempt  has  been  made  to  describe 
the  glaciers  of  the  region  at  the  time  of  their  greatest  development. 
The  individual  ice  lobes  and  their  interrelations  would  have  been 
different  at  lesser  stages  of  development.  The  arrows  shown  on  the 
map  (PI.  Ill,  in  pocket)  represent  the  directions  of  ice  movement  in 
the  different  parts  of  the  area. 

RETREAT  OF   THE   ICE. 

In  the  earlier  stages  of  glaciation  of  the  region  the  ice  no  doubt 
built  up  lateral  and  terminal  moraines,  but  further  advances  de- 
stroyed or  obliterated  all  traces  of  the  earlier  deposits.  It  is  only 
those  deposits  that  were  laid  down  at  the  time  of  or  subsequent  to 
the  maximum  advance  of  the  ice  that  have  been  preserved,  and  in 
many  places  even  this  material  has  been  removed  by  stream  cutting 
or  been  covered  with  stream  deposits.  There  are  left  only  a  few 
areas  of  distinctive  terminal  moraine,  having  the  characteristic  himi- 
mock  and  kettle  topography.  Some  such  moraine  still  exists  west  of 
the  lower  portion  of  Young  Crei^k,  and  some  east  of  lower  Chititu 
Creek,  wdth  occasional  more  recent  patches  like  that  on  Texas  Creek 
near  the  head  of  Copper  Creek.  These  areas  often  contain  lakes 
which  occupy  undrained  depressions  in  the  glacial  deposits.  The 
absence  of  strong  moraines  in  most  of  the  valleys  is  due,  in  part  at 
least,  to  the  vigorous  cutting  of  the  streams,  which  have  long  ago 
removed  them.  The  Kennicott  Glacier,  which  terminates  near  the 
mouth  of  McCarthy  Creek,  has  remarkably  little  fnoraine  around  its 
edges,  and  although  the  surface  of  the  lower  portion  of  the  glacier 
is  covered  with  detritus  the  streams  have  removed  this  as  fast  as  it 
has  been  dropped  by  the  ice  and  in  many  places  are  cutting  into  the 
glacier  itself. 

Glacial  till  or  bowlder  clay  is  rather  widely  distributed  in  this 
area  along  the  lower  slopes  of  the  valley  walls.  Its  surface  is  gen- 
erally covered  by  a  heavy  growth  of  mosses  and  timber,  but  fresh 
exposures  can  be  seen  at  many  places  along  the  banks  of  streams. 
It  consists  of  a  rather  dense  blue  clay  in  which  are  embedded  bowl- 
ders, pebbles,  and  angular  fragments  of  many  different  kinds  of 
rock,  and  it  is  characterized  by  unassorted  materials  and  lack  of 
stratification. 
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BENCH     GRAVELS. 


As  climatic  conditions  became  less  favorable  for  glaciation  and  the 
ice  diminished  from  its  greatest  thickness  the  glaciers  in  many  of 
the  smaller  drainage  lines  tributary  to  the  larger  trunk  valleys 
shrank  until  they  no  longer  joined  the  main  ice  lobes  below.  Thus 
the  lower  part  of  McCarthy  and  Dan  creek  valleys  were  free  from 
ice  while  their  mouths  were  blockaded  bv  the  Kennicott  and  the 
Nizina  glaciers.  In  like  manner  the  ice  in  the  Chitina  Valley  had 
shrunk  so  that  it  was  no  longer  able  to  override  the  ridges  on  either 
side  of  Young  Creek,  and  Chititu  and  Young  creeks  had  lost  their 
ice  while  the  Nizina  Glacier  still  stood  high  in  the  valley  to  the 
northwest.  As  a  result  the  drainage  in  many  valleys  was  impeded 
by  the  ice  dams  across  their  mouths,  and  the  streams  began  to 
fill  in  their  basins  with  gravel  deposits.  It  may  be  that  temporary 
lakes  were  sometimes  formed  behind  the  ice  barriers,  but  the  char- 
acter of  the  gravel  deposited  indicates  that  if  such  lakes  existed 
they  must  have  been  of  short  duration. 

Gravel  fillings  behind  glacier  dams  in  many  places  reached  a 
great  thickness.  In  Young  Creek  valley,  above  the  portion  where 
the  creek  flows  nofth,  the  gravels  are  in  places  more  than  500  feet  thick 
near  the  center  of  the  valley  and  thin  out  at  the  sides.  The  upper 
limit  of  the  gravels  is  diflScult  to  determine  on  account  of  the  thick 
coating  of  moss  with  which  the  surface  is  covered,  but  it  probably 
lies  for  the  most  part  between  the  elevations  of  3,250  and  3,500  feet. 
In  Chititu  Creek,  at  the  mouth  of  Rex  Creek,  a  similar  thickness  of 
gravels  was  reached.  At  the  point  where  Dan  Creek  emerges  from 
the  mountains  a  great  bench  more  than  700  feet  high  shows  that 
the  stream  floor  was  graded  up  to  that  level  when  the  Nizina  Glacier 
still  filled  the  valley  below.  In  the  McCarthy  Creek  valley  a  broad 
area  was  filled  with  gravels  deposited  under  similar  conditions.  An 
advance  by  the  Kennicott  Glacier  of  only  2  or  3  miles  would  be 
sufficient  to  cause  McCarthy  Creek  to  begin  again  the  grading  up  of 
its  valley  with  gravels  like  those  of  which  the  gravel  benches  are 
composed. 

In  all  of  the  valleys  mentioned  the  alluvial  filling  was  due  to  the 
presence  of  an  ice  barrier  which  retarded  the  drainage  and  caused 
the  streams  to  build  rapidly.  As  the  great  glaciers  retreated  and 
their  thickness  decreased  the  barriers  to  the  tributary  streams  were 
lowered  and  they  began  to  cut  into  the  gravel  filling  which  they  had 
laid  down.  They  did  not,  however,  remove  the  filling  from  the  whole 
width  of  the  valleys,  but  intrenched  themselves  in  this  filling  and 
developed  deep  gorges  with  gravel  banks.  Throughout  much  of  the 
upper  part  of  Young  Creek  and  in  parts  of  Chititu,  Dan,  and 
McCarthy  creeks  the  streams  have  now  cut  completely  through  the 
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gravels  and  into  the  rock  below,  leaving  the  valley  filling  as  terraces 
or  benches  on  either  side  of  the  streams.  In  Young  Creek  valley, 
especially,  many  lateral  tributaries  have  also  cut  through  the  gravels, 
which  now  form  interrupted  benches  along  the  slopes  to  the  north 
and  south  of  the  stream. 

PRESENT  STREAM  GRAVELS. 

The  larger  glacier- fed  streams  of  the  area  are  in-  sharp  contrast, 
both  in  appearance  of  water  and  in  character  of  valley  deposits,  with 
the  streams  which  do  not  head  in  active  glaciers.  The  streams  which 
are  supplied  only  by  melting  snow  and  by  the  ordinary  run-off  are 
for  the  most  part  clear,  and  they  are  gradually  cutting  their  valleys 
deeper.  The  glacier-fed  streams,  on  the  contrary,  are  supplied  with 
great  quantities  of  detritus  by  the  glaciers,  and  during  the  warm 
season  they  are  turbulent  and  heavily  loaded,  so  that  they  are  con- 
stantly building  up  their  valleys  with  gravels  and  silts  brought  down 
from  above.  The  Nizina  Valley  is  a  conspicuous  example  of  this 
building  process.  The  present  flood  plain  ranges  in  width  from  one- 
fourth  mile  at  the  extreme  western  edge  of  the  area  mapped  to  more 
than  2  miles  at  its  widest  points.  The  flat  is  composed  of  gravel 
bars,  for  the  most  part  bare  of  vegetation  though  some  of  the  higher 
portions  are  timbered.  The  proportion  of  the  flat  that  is  covered  by 
water  at  any  one  time  not  only  varies  greatly  with  the  seasons,  but 
often  there  is  a  great  daily  range  as  well.  Since  the  water  supply  is 
largely  furnished  by  the  melting  of  the  glaciers  and  of  the  snow  on 
the  mountains,  the  streams  are  highest  in  July,  and  in  periods  of 
high  water  a  large  part  of  the  flat  is  covered.  During  the  late  fall 
and  winter  the  rivers  dwindle  until  but  little  water  flows  beneath  the 
ice.  The  daily  range,  too,  is  largely  controlled  by  the  temperature, 
the  streams  being  lowest  in  the  early  morning  but  on  bright,  sunny 
days  increasing  in  volume  until  the  late  afternoon,  when  the  flow  is 
many  times  as  large  as  it  was  early  in  the  day. 

All  of  these  variations  in  volume  are  important  factors  in  the  trans- 
portation and  deposition  of  debris.  In  high  stages  the  streams  are 
most  turbulent  and  great  quantities  of  gravel  and  silt  are  carried  by 
them.  In  low  stages  the  water  becomes  clearer  and  but  little  mate- 
rial is  moved.  As  a  result  of  their  overloaded  condition  during  the 
summer,  the  streams,  which  flow  in  some  places  as  single  streams  and 
in  others  as  intricate  networks  of  channels,  are  constantly  shifting 
their  courses  over  the  flood  plains,  building  up  bars  in  some  places 
while  cutting  them  away  in  others.  In  the  Nizina  Valley  below 
Young  Creek  the  present  tendency  of  the  river  is  to  lower  its  bed^ 
owing  to  the  increased  gradient  given  by  the  cutting  down  of  Nizina 
Canyon  below.    Above  Young  Creek  the  valley  floor  is  being  built 
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up,  the  building  proceeding  most  rapidly  at  the  mouths  of  the  tribu- 
tary streams.  Chititu  Creek  has  a  large  low-grade  fan  below  its 
canyon,  but  the  edge  of  this  fan  has  reached  the  Nizina  flood  plain  at 
only  one  point.  Dan  Creek  also  has  a  low  fan  extending  out  to  the 
Nizina  bars.  The  largest  deposit  from  a  tributary  stream  is  that  at 
the  mouth  of  Chitistone  River.  Here  a  wide  fan  of  low  slope  has 
crowded  Nizina  River  over  against  the  rock  cliffs  on  its  west  valley 
wall,  where  in  places  all  the  talus  slopes  have  been  removed  and  the 
flood  plain  extends  flush  up  against  the  limestone  cliffs.  This  fan 
has  also  been  effective  in  retarding  the  current  of  Nizina  River  above 
it  and  in  aiding  deposition  there. 

McCarthy  Creek  flows  for  the  lower  10  miles  of  its  course  through 
a  more  or  less  narrow  valley  intrenched  into  the  gravel  deposits  and 
into  its  rock  bed,  but  above  this  portion  the  valley  floor  is  broad  and 
gravel  filled. 

POSTGLACIAL   EROSION. 

The  agencies  of  rock  weathering  and  erosion  are  very  active  in 
this  region  of  gi*eat  daily  ranges  in  temperature,  high  altitudes,  and 
steep  slopes,  so  that  the  amount  of  rock  material  which  has  been 
removed  since  the  retreat  of  the  great  glaciers  has  been  large.  The 
timber  line  throughout  the  district  lies  at  about  4,000  feet  or  lower, 
although  willow  and  alder  bushes  flourish  above  this  and  are  some- 
times found  up  to  an  elevation  of  5,000  feet.  Above  5,000  feet  vege- 
tation is  sparse  and  most  of  the  surface  is  bare  and  exposed  to  the 
agencies  of  weathering.  Large  talus  slopes  occur  below  all  steep 
cliffs.  The  greenstone  is  perhaps  most  resistant  of  all  rocks  in  this 
vicinity,  and  the  talus  accumulations  below  greenstone  outcrops  are 
small  as  compared  with  those  below  similar  cliffs  of  the  more  easily 
weathered  rocks.  The  Chitistone  limestone  follows  the  greenstone 
in  its  ability  to  resist  weathering,  although,  as  is  to  be  expected,  there 
are  often  large  talus  sloj)es  below^  the  enormous  cliffs  which  this  lime- 
stone offers.  The  porphyry  w^eathers  much  more  rapidly  than  either 
greenstone  or  limestone,  and  the  sides  of  those  mountains  which  are 
composed  of  this  rock  are  almost  invariably  buried  beneath  great 
talus  aprons.  In  the  steep-sided  porphyry  mountain  between  the 
Kennicott  and  McCarthv  Creek  the  talus  is  so  abundant  that  few 
outcrops  occur  below  an  elevation  of  5,000  feet  and  only  the  upper 
craggy  portion  of  the  mountain  is  free  from  talus.  Both  Triassic 
and  Jurassic  shales  weather  readily,  the  latter  with  the  greater 
ease  on  account  of  its  freedom  from  hard  beds  of  limestone.  A 
great  amount  of  postglacial  stream  cutting  has  bt»en  done  in  the 
Triassic  shales  between  McCarthy  Creek  and  the  Nizina.  In  the 
Kennicott  shales  of  Dan,  Chititu,  and  Young  creeks  the  amount  of 
stream  cutting  near  the  gulch  heads  has  been  very  large.    There  is 
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every  reason  to  believe  that  on  the  south  side  of  Chititu  and  on  both 
sides  of  Young  Creek  the  slopes  were  left  smooth  and  free  from 
gulches  by  the  glacial  ice.  Since  the  ice  retreated  large  gulches  have 
been  cut  and  a  great  amount  of  the  easily  eroded  shale  has  been 
removed.  The  streams  in  these  valleys  have  also  succeeded  in  cutting 
through  the  thick  gravels  into  the  bed  rock  below. 

Altogether,  when  the  comparatively  short  time  that  has  elapsed 
since  the  retreat  of  the  ice  from  this  area  is  considered,  the  work 
accomplished  by  erosional  agencies  has  been  surprisingly  great. 

ROCK   GLACJEBS.<> 

Among  the  important  agencies  of  postglacial  denudation  in  this 
district  are  the  remarkable  features  which  have  been  called  rock 
glaciers  (PL  III,  in  pocket).  These  are  rather  widely  distributed 
among  the  more  rugged  portions  of  the  area,  more  than  30  occur- 
ring within  the  borders  of  this  sheet.  They  are  known  to  occur  in 
other  parts  of  the  Wrangell  Mountains,  but  here  they  attain  excep- 
tionally perfect  development.  An  inspection  of  the  topographic 
map  shows  at  once  many  of  the  characteristics  of  the  rock  glaciers, 
but  the  important  features,  such  as  the  surface  markings,  can  not 
be  shown  with  such  a  large  contour  interval.  Although  differing 
greatly  among  themselves  in  size,  shape,  and  material,  they  have 
certain  characteristics  in  common.  They  are  usually  long,  narrow 
flows,  many  times  longer  than  wide,  confined  in  the  bottoms  of 
cirquelike  valleys.  Some  have  wide,  fan-shaped  heads  and  taper 
down  to  narrow  tongues  below ;  others  are  narrow  above  and  spread 
out  into  spatulate  lobes  below;  but  the  greater  number  are  bodies 
of  nearly  uniform  width,  from  one-tenth  to  one-fourth  of  a  mile 
wide  and  from  one-half  to  2.}  miles  long.  The  surface  slopes  vary 
in  different  examples  from  9°  to  18°  for  the  whole  course  of  the  flow. 

On  viewing  one  of  the  better-developed  rock  glaciers  one  is  struck 
by  its  great  resemblance  to  true  glaciers.  They  all  head  in  cirques 
and  extend  thence  down  the  valleys.  In  cross  section  their  shape  is 
much  like  that  of  a  glacier,  being  highest  above  the  valley  axis  and 
sloping  down  sharply  on  the  sides.  Wliere  confined  in  narrow  valleys 
the  rock  glaciers  are  narrow  tongues  lying  in  the  valley  bottoms, 
but  upon  emerging  from  their  restricting  walls  they  spread  out  into 
broad  lobes.  Some  have  distinct  lateral  moraine-like  ridges  and  all 
show  a  more  or  less  well-marked  longitudinal  ridging. 

The  materials  of  which  the  rock  glaciers  are  composed  are  the 
blocks  and  fragments  of  angular  rock  such  as  go  to  make  up  the 
ordinary  talus  slope,  the  fragments  being  derived  from  the  walls  of 
the  cirque  at  the  valley  head.     The  variety  of  rock  found  in  any 

•  Capps.  Stephen  R.,  Rock  glaciers  in  Alaska :  Jour.  Geology,  vol.  18,  pp.  359-375. 
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rock  glacier  therefore  depends  on  the  materials  found  in  the  cirque 
walls — porphyry,  limestone,  greenstone,  or  shale,  as  the  case  may  be. 
The  individual  rock  fragments  vary  in  size  from  fine  stuff  to  blocks 
several  feet  in  diameter  in  exceptional  cases.  Six  inches  would  per- 
haps be  the  average  size  in  these  rock  glaciers  which  are  composed 
of  porphyry,  while  in  the  greenstones  and  limestones  the  average  is 
larger  and  in  the  shales  it  is  smaller  than  this. 

In  many  of  the  rock  glaciers  the  fragmental  rock  extends  all  the 
way  to  the  head  of  the  cirque,  with  no  ice  visible  and  little  or  no 
snow  on  the  surface.  In  several  cases,  however,  the  rock  glaciers 
grade  into  true  glaciers  at  their  upper  ends,  without  any  sharp  line 
of  demarcation,  so  that  there  is  a  complete  gradation  between  the 
two. 

The  surface  markings  are  characteristic  and  in  some  measure  are 
systematic  in  their  arrangement.  In  the  upper  portions  there  are 
usually  many  parallel  longitudinal  ridges  a  few  feet  high,  separated 
by  troughlike  depressions  (PI.  IX,  B^  p.  56).  Toward  the  lower 
end  of  each  rock  glacier  which  has  an  opportunity  to  spread  out 
into  a  broad  lobe  the  longitudinal  ridges  become  less  prominent  and 
finally  disappear  entirely,  giving  place  to  concentric  wrinkles  which 
parallel  the  borders  of  the  lobe.  The  sides  of  the  flow  below  the 
cirque  are  usually  separated  from  the  rock  valley  walls  by  a  sharp 
trough,  and  at  their  lower  ends  the  flows  steepen  to  the  angle  of  rest 
for  the  material.  The  whole  appearance  gives  one  a  decided  impres- 
sion of  movement,  as  if  the  material  had  moved  forward  from  the 
cirques  in  somewhat  the  manner  of  a  glacier,  the  longitudinal  lines 
simulating  moraine  lines. 

The  marked  resemblance  of  these  flows  to  glaciers  led  to  the  sus- 
picion that  ice  must  be  in  some  way  responsible  for  their  movement. 
To  determine  if  this  were  the  case,  a  number  of  the  rock  glaciers,  7 
or  8  in  all,  were  dug  into,  and  in  each  instance  clear  ice  was  found. 
This  was  not  massive  ice  like  that  of  a  glacier,  but  interstitial  ice, 
filling  the  cavities  between  the  angular  fragments  and  forming  with 
the  rock  a  breccia,  with  the  ice  as  the  matrix.  The  depth  below  the 
surface  at  which  ice  was  found  varied  according  to  the  elevation  of 
the  rock  glacier  and  to  the  portion  of  it  examined.  Toward  their 
lower  ends  thd  ice  lay  too  deep  to  be  found  by  any  shallow  excava- 
tions that  there  was  opportunity  to  make.  Farther  up,  toward  the 
cirques  in  which  they  head,  the  ice  was  usually  found  within  a  foot 
or  two  of  the  surface  if  a  depression  was  dug  into.  The  surface  of 
the  ice-filled  portion,  being  determined  by  the  depth  to  which  melt- 
ing takes  place,  follows  roughly  the  surface  of  the  flow,  so  that  along 
the  troughs  between  the  ridges  running  water  could  be  found  on  a 
warm  day  following  shallow  channels  in  the  ice-filled  talus. 
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The  rock  glaciers  are  quite  different  from  true  glaciers;,  although 
in  those  cases  where  the  rock  glacier  is  a  continuation  of  the  lower 
end  of  a  true  glacier  it  maj'  be  impossible  to  draw  a  line  separating 
the  two.  For  the  formation  and  existence  of  a  glacier  it  is  necessary 
that  in  the  head  of  the  basin  occupied  by  ice  there  should  be  an 
annual  surplus  of  snowfall  over  melt.  When  the  amount  of  snow- 
fall becomes  less  than  the  amount  which  melts  and  runs  off,  the 
glacier  will  dwindle  and  finally  disappear.  The  greater  number  of 
rock  glaciers,  on  the  other  hand,  are  found  to  head  in  cirques  in 
which  all  or  practically  all  of  the  winter  snow  disappears  during  the 
summer.  In  a  true  glacier,  no  matter  how  heavily  moraine  covered 
it  may  be,  there  is  always  a  tendency  to  crevasse  where  the  ice  rounds 
a  bend  or  passes  over  an  irregularity  of  its  bed,  and  great  irregularity 
of  surface  is  common  at  the  lower  end,  where  the  melting  ice  allows 
the  overlying  moraine  to  cave  in.  In  the  rock  glaciers  no  crevasses 
were  seen,  even  in  places  where  abrupt  changes  in  the  grade  of  the 
bed  occur,  and  large  cave-in  pits  are  wanting.  Irregidarities  of  this 
kind,  however,  are  not  to  be  expected  if  the  rock  glaciers  are  com- 
posed, as  they  seem  to  be,  of  talus,  with  ice  only  in  the  interstices,  for 
the  talus  itself  is  self-supporting  without  the  ice,  and  the  shape  of  the 
surface  would  be  but  little  changed  if  the  ice  should  all  melt  out. 
This  is  true,  however,  only  of  those  flows  which  have  not  glaciers  at 
their  upper  ends.  Of  those  which  head  in  glaciers,  the  upper  ends 
would  of  course  be  profoundly  altered  by  the  melting  of  the  ice,  and 
these  effects  would  be  seen  just  as  far  down  the  flow  as  massive 
glacial  ice  had  existed.  The  rock  glaciers  differ  from  true  glaciers 
in  that,  although  they  advance  spasmodically,  they  never  retreat,  for 
the  flow  retains  its  form  even  after  the  ice  has  melted  out  and  motion 
has  ceased.  Little  has  been  published  concerning  features  of  this 
kind.  Certain  "  stone  rivers "  in  the  Falkland  Islands  have  been 
described  by  Thomson,**  Andersson,*  and  others,  but  according  to 
Andersson's  interpretation  these  "stone  rivers,"  which  are  now 
streams  of  angular  blocks  of  rock,  were  formerly  composed  of  fine 
mud,  with  the  blocks  of  rock  buoyed  up  and  carried  along  by  the 
viscous  flow  of  the  mud.  The  movement  has  now  ceased,  an4  much 
of  the  fine  material  has  been  removed  by  running  water. 

The  closest  analogy  to  the  rock  glaciers  seems  to  be  found  in  the 
"  rock  streams  "  of  the  San  Juan  Mountains  of  Colorado,  described 
by  Cross  and  Howe*^  in  the  Silverton  folio  and  more  recently  by 
Howe*  in  a  separate  publication.     Both  are  composed  of  angular 

•Thomson,  Wyvlllo,  The  Atlantic,  p.  245. 

*  AndersKon,  J.  O..  Solifluction,  a  component  of  Riibncrlal  denudation  :  Jour.  Geology,  vol. 
14,  1906,  pp.  91-112. 

e  Cross,  Whitman,  and  Howe,  Ernepit,  Silverton  folio  (No.  120),  Ceol.  Atlas  V.  S.,  T'.  S. 
Gcol.  Survey,  1905,  p.  25. 

*  TTowe,  Ernest,  Landslides  in  the  Ran  Juan  Mountains,  Colorado :  l»rof.  I»ap4»r  V.  S. 
(Jeol.  Survey  Xo.  07.  1000. 
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talus  from  high  mountains,  and  the  similarities  of  appearance  and 
surface  configuration  are  striking.  The  San  Juan  flows  have  been 
referred  to  in  a  textbook  *  as  ^  talus  glaciers,"  and  the  authors  are  of 
the  opinion  that  in  many  cases  snow  and  ice  have  had  some  part  in 
their  development.  Cross  and  Howe  formerly  believed  that  the  posi- 
tion and  form  of  the  rock  streams  were  due.to  glacial  transportation, 
but  the  absence  of  ice  and  some  other  considerations  led  them  to 
the  opinion  which  they  now  hold,  that  the  rock  streams  were 
formed  by  landslides  which  came  down  "  with  a  sudden  violent  rush 
that  ended  as  quickly  as  it  started."  Up  to  the  present  time  no  oppor- 
tunity has  offered  to  prove  conclusively  by  a  series  of  observations 
extending  over  a  considerable  period  of  time  that  these  rock  glaciers 
are  in  motion  or  to  determine  their  rate  of  movement.  There  are, 
however,  a  number  of  significant  facts  which  seem  to  make  this  con- 
clusion necessary. 

Although  on  account  of  climatic  conditions  most  of  the  cirques  in 
which  the  rock  glaciers  head  are  unable  to  support  true  glaciers,  they 
are  on  the  border  line  of  glacial  conditions,  and  although  the  snows 
may  all  melt  away  on  the  surface  during  the  summer  the  ground 
remains  permanently  frozen  a  short  distance  below  the  surface  and 
ice  in  the  interstitial  openings  of  a  talus  mass  may  remain  unmeltcd 
indefinitely.  Furthermore,  a  few  of  the  rock  glaciers  have  true 
glaciers  at  their  heads  which  extend  downward  as  far  as  climatic 
conditions  are  favorable  and  are  continued  below  by  rock  glaciers 
whose  ice  is  protected  from  the  sun  by  the  heavy  coating  of  debris, 
and  into  such  rock  glaciers  it  is  probable  that  a  tapering  tongue  of 
true  glacial  ice  extends  down  A  considerable  distance.  But  this 
glacial  ice  is  not  necessary  to  their  movement,  as  is  shown  by  those 
rock  glaciers  which  are  unconnected  with  true  glaciers.  In  addition 
to  the  favorable  climatic  conditions,  the  exceptionally  perfect  develop- 
ment of  these  features  in  the  Nizina  district  is  due  to  the  rugged 
character  of  the  mountains,  with  cirques  having  steep  heads  and 
sides,  and  to  unusually  favorable  conditions  for  rapid  rock  weather- 
ing and  talus  accumulation. 

The  history  of  the  rock  glaciers  of  this  district  is  considered  to 
have  been  as  follows: 

As  the  ice  of  the  last  great  epoch  of  glaciation  began  to  retreat 
and  its  area  to  contract,  the  head  and  side  walls  of  manv  of  the 
cirques,  steepened  by  glacial  undercutting  and  by  bergschrund  sap- 
ping, were  exposed  to  the  rapid  weathering  characteristic  of  bare 
rock  surfaces  in  the  high  altitudes  of  this  region.  In  many  of 
the  cirques  the  rock  waste  streamed  down  from  the  cliffs  upon  the 
glacier  below  and  was  gradually  carried  away  by  the  ice  and  con- 
centrated at  its  lower  edge.    Here  in  the  usual  order  of  events  it 
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would  have  been  deposited  as  a  terminal  moraine,  tlioiigfa  diiferiiig 
in  character  from  the  common  forms  of  terminal  moraine  in  the 
preponderance  of  angular,  talus-like  material  and  in  the  propor- 
tionately smaller  amount  of  mud  and  rock  flour  which  form  so  im- 
portant a  part  of  the  moraines  of  active  glaciers.  Here  the  small, 
fast-dying  glaciers  were  eroding  but  litUe  and  were  almost  over- 
whelmed by  the  debris  supplied  them  from  the  cliffs  abovep  Into 
the  debris  toward  the  lower  edge  of  the  glacier  the  waters  from 
melting  ice  and  snow  and  from  rains  sank  and  froze  and  gradually 
filled  the  interstices  up  to  a  point  below  the  sur&ce  where  melting 
equaled  freezing.  In  these  ice-cemented  masses  a  sort  of  glacial 
movement  was  started.  As  the  climate  became  still  milder,  in  many 
cirques  the  winter  snows  all  melted  away  during  the  suminer,ao  that 
conditions  for  ordinary  glacial  activity  no  longer  existed,  but  the 
bodies  of  talus  which  reached  the  cirque  floors  became  filled  with 
interstitial  ice  and  the  consequent  movement  of  the  mass  in  m  ^^ader- 
like  way  has  continued,  although  no  doubt  all  true  glacial  ioe  has 
now  disappeared  from  many  of  the  rock  glaciers.  It  is  certain  that 
much  snow  is  still  carried  down  upon  the  surface  of  the  rock  f^aeiers 
in  slides  of  snow  and  rock  during  the  winter  and  spring,  ud  eon- 
siderable  quantities  of  it  may  becoime  covered  by  debris  and  laoor- 
porated  into  the  rock  glaciers,  but  this  snow  probably  fOrma  onJ^  a 
small  part  of  the  total  mass  of  the  flow. 

The  succession  of  events  outlined  seems  to  be  well  estaUidied  in 
this  region,  where  are  now  to  be  seen  all  the  stages,  varying  from 
apparently  active  glaciers  with  short  rock  glaciers  below  to  long 
rock  glaciers  in  which  no  glacial  ice  is  seen,  in  valleys  where  all  the 
snow  disappears  during  the  summer;  yet  in  these  latter  the  slow 
movement  seems  still  to  be  in  operation,  the  rate  of  movement  in 
each  flow  being  controlled  by  the  supply  of  talus  from  above  and  by 
the  shape  and  grade  of  the  floor  over  which  it  moves.  The  rock  gla- 
ciers are  therefore  the  true  successors  of  real  glaciers. 

The  rock  glacier  which  lies  on  the  west  side  of  McCarthy  Creek, 
three- fourths  of  a  mile  above  the  mouth  of  East  Fork  (PL  VIII), 
though  by  no  means  the  largest  in  size,  offers  a  most  instructive 
example  for  study,  as  it  presents  in  a  typical  way  many  of  the  char- 
acteristic features  of  all  of  the  flows.  It  heads  in  a  glacial  cirque 
in  a  mountain  composed  largely  of  porphyry  but  having  many 
inclosed  masses  of  black  shale,  the  peaks  at  the  cirque  head  reaching 
a  height  of  0,315  feet.  The  rock  glacier  occunies  the  cirque  floor 
below  an  elevation  of  5,250  feet,  with  talus  slopes  extending  upward 
above  it  for  about  200  feet.  Above  the  talus  the  whole  face  of  the 
mountain  is  of  bare,  rugged  cliffs  of  porphyry  and  shale,  both  of 
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which  weather  easily,  so  that  the  formation  of  talus  is  unusually 
rapid.  The  elevation  of  the  valley  head  is  not  suflScient  for  the 
maintenance  of  a  true  glacier,  and  during  the  summer  practically 
all  of  the  snowfall  disappears.  By  July  4,  the  time  of  observation, 
only  small  snow  banks  remained  in  sheltered  places. 

The  rock  glacier  heads  in  the  talus  cones  which  have  been  built  up 
at  the  base  of  the  steep  rock  cliflfs.  These  cones,  although  constantly 
added  to  by  waste  from  the  rapidly  weathering  cliffs  above,  have 
nowhere  been  able  to  attain  large  size,  the  materials  evidently  hav- 
ing moved  on  down  the  valley  as  a  rock  glacier  as  fast  as  they  were 
supplied  from  above.  From  the  base  of  each  of  the  more  vigorous 
talus  cones  a  smooth  ridge  extends  down  the  rock  glacier,  seeming 
to  show  that  the  forward  movement  has  on  the  whole  been  uniform 
and  continuous.  Parallel  longitudinal  ridges  of  this  kind  charac- 
terize the  surface  of  the  upper  three- fourths  of  the  flow.  The  cirque 
basin  above  an  elevation  of  4,000  feet  is  a  hanging  valley,  but  below^ 
this  level  it  joins  the  broad  U-shaped  valley  of  McCarthy  Creek 
with  an  abrupt  change  of  gradient.  As  it  passes  over  the  lip  of  the 
hanging  cirque  the  rock  glacier  cascades  steeply  down  the  valley 
side,  and  on  reaching  the  gentler  slope  below,  being  no  longer  con- 
fined by  restricting  valley  walls,  it  spreads  out  in  a  great  lobe  along 
the  valley  bottom.  In  this  lower  lobe  the  longitudinal  surface  mark- 
ings dwindle  out  and  disappear,  giving  place  to  a  set  of  beautifully 
developed  concentric  wrinkles  which  parallel  the  borders  of  the 
lobe  (PL  IX,  B).  The  origin  of  these  wrinkles  is  not  clear,  but 
they  strongly  suggest  rings  of  growth  and  may  represent  the  amount 
of  annual  movement  of  the  rock  glacier. 

At  its  foot  the  flow  has  pushed  across  the  valley  bottom  to  the 
base  of  the  east  valley  wall,  thus  indicating  clearly  by  its  position 
that  it  was  formed  after  the  retreat  of  the  McCarthy  Creek  Glacier 
beyond  this  point.  The  creek  has  been  crowded  to  the  east  and  occu- 
pies a  narrow  channel  between  the  foot  of  the  rock  glacier  and  the 
rock  valley  wall.  The  foot  of  the  flow  is  being  rapidly  cut  away  by 
the  stream  and  in  places  shows  a  face  75  to  100  feet  high  in  which 
the  slope  is  about  35 '^,  or  the  angle  of  rest  for  the  material.  The 
creek,  although  of  large  volume  and  steep  gradient,  has  been  unable 
to  do  more  than  keep  its  channel  open  along  the  foot  of  the  rock 
glacier,  and  it  seems  evident  that  the  flow  is  moving  forward  as  fast 
as  the  stream  can  cut  it  back. 

Another  rock  glacier  which  heads  in  the  same  porphyry-shale 
mountain  as  the  one  just  described  flows  in  a  northwest  direction  into 
the  valley  of  National  Creek,  a  tributary  of  the  Kennicott  (PI.  IX, 
.4).     It  is  remarkable  for  the  unusually  strong  development  of  the 


58  THE   NIZINA  DISTRICT,   ALASKA. 

longitudinal  ridges  in  its  upper  portion,  and  these  ridges  show  well 
their  mode  of  origin  in  the  separate  talus  slopes  on  the  rock  walls 
above. 

The  flow  in  Amazon  Creek,  just  east  of  the  Kennicott  Glacier,  and 
that  in  the  north  head  of  White  Creek  are  notable  for  their  great 
length  as  compared  with  their  width  and  for  the  uniformity  of  their 
slopes  from  one  end  to  the  other.  The  surface  of  the  former  has  a 
slope  of  15°  and  that  of  the  latter  12°. 

The  rock  glacier  which  heads  in  the  limestone  mountain  half  a 
mile  northeast  of  the  Bonanza  mine  and  flows  eastward  shows  at 
its  upper  end  all  of  the  characteristics  typical  of  these  flows,  but 
at  the  mouth  of  the  hanging  valley  in  which  it  lies  it  streams  down 
to  McCarthy  Creek  as  a  symmetrical  talus  cone  (PL  X,  A),  If 
the  material  had  come  down  suddenly  as  a  landslide,  no  such  per- 
fect talus  cone  would  have  formed,  and  its  presence  indicates  that 
the  material  of  which  it  is  composed  was  supplied  slowly.  Further- 
more, evidence  that  this  rock  glacier  is  still  moving  is  given  by  the 
fact  that  the  talus  is  still  being  supplied  at  the  head  of  the  cone  and 
is  invading  the  patch  of  bushes  on  its  side. 

The  two  large  rock  glaciers,  one  on  th^  south  and  one  on  the  north- 
west side  of  Sourdough  Peak,  are  both  of  the  type  which  originates  in 
narrow  cirques  but  spreads  out  into  broad  lobes  below  the  point  where 
the  cirque  walls  restrict  it.  The  glacier  on  the  south  side  of  this 
mountain  is  especially  noteworthy  on  account  of  the  great  expanse 
of  the  flow  below  as  compared  with  the  narrow  limits  of  the  cirque  in 
which  it  originated. 

In  conclusion,  observation  has  led  to  the  belief  that  these  rock 
glaciers  have  moved  and  that  many  of  them  are  still  moving  in  much 
the  same  way  as  glaciers,  and  that,  although  glacial  ice  may  be  and 
doubtless  is  present  in  a  few  of  them,  it  is  not  necessary  to  the  move- 
ment, which  may  be  due  altogether  to  ice  in  the  interstices.  Further- 
more, there  is  no  evidence  that  the  flows  came  down  suddenly  as  land- 
slides, but  there  are  strong  reasons  for  believing  that  they  moved 
down  slowlv.  The  facts  and  considerations  which  have  led  to  the 
conclusion  that  the  flows  did  not  come  down  suddonlv  but  slowly  and 

ft  •/ 

that  some  of  them  are  now  in  motion  are  noted  below. 

1.  The  remarkable  resemblance  in  position  and  form  of  the  rock 
glaciers  to  true  glaciers  in  the  immediate  vicinity. 

2.  The  direct  connection  and  ])erfect  gradation  between  true  gla- 
ciers above  and  rock  glaciers  below. 

3.  The  presence  of  interstitial  ice  at  no  great  depth  below  the  sur- 
face in  all  the  rock  glaciers  which  were  dug  into. 

4.  The  longitudinal  ridges  of  the  upper  portions  of  many  of  the 
flows  that  can  be  traced  directly  to  active  talus  slopes. 
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5.  Nowhere  have  the  talus  slopes  at  the  cirque  heads  been  able  to 
form  any  considerable  accumulations  upon  the  surface  of  the  rock 
glaciers.  This  seems  to  be  strong  evidence  that  the  talus  has  moved 
down  valley  as  fast  as  it  has  been  supplied. 

6.  Most  of  the  rock  glaciers  have  a  steep  slope  at  the  lower  end, 
where  the  gently  sloping  surface  of  the  upper  portion  breaks  down 
at  the  edge  at  an  angle  of  rest  as  steep  as  the  material  will  retain.  On 
this  steep  face  the  rock  fragments  show  bare  surfaces,  while  the  talus 
on  the  surface  above  is  usually  lichen  covered.  This  seems  to  show 
that  the  material  is  moving  forward  fast  enough  to  prevent  erosion 
at  the  lower  end  from  establishing  drainage  lines  on  the  face  of  the 
flow  and  from  reducing  it  to  a  low-graded  slope. 

7.  McCarthy  Creek,  a  swift  stream  of  large  volume,  which  is  now 
actively  cutting  into  the  lower  edge  of  a  rock  glacier  on  its  west  side 
(described  on  pp.  56-57)  that  has  been  in  existence  long  enough  for 
large  spruce  trees  to  grow  upon  its  surface,  has  so  far  been  unable  to 
do  more  than  keep  open  a  narrow  channel  along  the  foot  of  the  flow. 
There  is  no  evidence  that  the  rock  glacier  ever  extended  75  feet 
farther  eastward  to  the  rock  bluff  on  the  east  side  of  the  valley.  It 
would  be  surprising  if  this  mass  of  material,  coming  down  with  a 
violent  rush,  should  have  failed  by  just  the  width  of  the  creek  to 
cross  the  valley,  and  if  the  stream,  which  is  now  actively  cutting  into 
the  face  of  the  flow,  should  have  been  unable  to  do  more  than  keep 
its  channel  open.  It  appears  more  probable  that  the  slowly  advanc- 
ing edge  of  the  rock  glacier  had  forced  the  stream  to  its  present  posi- 
tion and  that  the  edge  of  the  flow  is  now  farther  advanced  than  it 
has  ever  been  before. 

8.  There  is  no  evidence  that  large  landslides  have  taken  place  in 
this  region  if  these  flows  are  not  landslides.  None  were  seen  below 
the  miles  of  prominent  cliffs  of  the  area,  though  ordinary  talus  cones 
are  abundant. 

9.  The  rock  glacier  on  McCarthy  Creek,  northeast  of  the  Bonanza 
mine  (PI.  X,  A  and  B),  ends  below  in  a  well-developed  talus  cone. 
If  the  material  had  come  down  suddenly  as  a  landslide,  no  such  per- 
fect talus  cone  would  have  been  formed.  The  presence  of  the  cone 
indicates  that  the  material  was  supplied  slowly,  enabling  the  cone  to 
grow  symmetrically.  The  cone  is  still  growing,  as  can  be  seen  from 
the  way  in  which  the  talus  from  above  is  invading  the  patch  of  bushes 
on  its  face. 

10.  Wherever  two  rock  glaciers  from  adjacent  cirques  join  to  form 
a  single  flow  the  point  of  junction  shows  that  the  two  branches  have 
flowed  together  synchronously,  without  any  evidence  that  the  flow 
from  one  branch  has  come  down  and  overridden  that  from  the  other. 
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laHEOXJB  BOGXEL 
TRIAflSIC  OR  PRE-TRIA88IC. 

irZKOLAZ  GSSXySTOVX. 
OHABACTTEB  OF  THK  FOBMATION. 

The  Nikolai  greenstone  resembles  a  sedimentary  formation  in  its 
structural  features.  It  is  made  up  of  flows  of  basaltic  lava  that  suc- 
ceed one  another  like  beds  laid  down  in  water.  The  beds  or  flows 
are  usually  of  ccmsiderable  thickness,  measured  in  tens  of  feet  rather 
than  in  single  foot  units,  and  the  bedded  appearance  is  more  evident 
when  a  large  mass  of  the  greenstone  is  seen  from  a  distance  great 
enough  to  give  a  comprehensive  view  of  its  larger  features. 

The  color  of  the  weathered  surface  is  grayish  green,  but  in  places 
it  has  a  reddish  hue.  A  fresh  surface  is  dark  olive  or  grayish  green. 
In  texture  it  varies  from  a  dense,  rough,  fine-grained  rock  in  which 
individual  crystals  can  not  be  distinguished  to  a  medium-grained 
porphyritic  rock.  Many  of  the  flows  are  amygdaloidal  and  have  a 
spotted  appearance,  due  to  the  cavity  fillings.  Some  of  the  spots  or 
amygdules  are  light  gray  or  almost  white,  like  quartz  or  calcite; 
oth^^  are  dark  green  or  gray..  Quartz  is  present  but  is  not  so  fre- 
quently seen  filling  cavities  as  calcite,  yet  these  two  minerals  are  not 
the  only  ones  that  produce  lightrColorecL  amygdules.  Amygdaloidal 
greenstone  bowlders  in  Chititu  Creek  contain  large  spherulitic  aggre- 
gates of  white  crystals,  believed  to  be  thomsonite.  This  rock,  how- 
ever, was  not  seen  in  place.  Dark-colored  amygdules  are  more  com- 
mon than  the  light  ones  and  for  the  most  part  consist  of  chloritic  or 
serpentinous  material.  In  many  places  the  cavities  of  the  lavas  were 
elongated  and  distorted  before  their  present  mineral  filling,  was 
introduced,  so  that,  the  amygdules  have  peculiar  irregular  forms. 
The  cavities  appear  to  have  been  distributed  throughout  the  flows 
from  top  to  bottom,  for  no  evidence  of  their  being  more  abundant  at 
the  upper  than  at  the  lower  surface  was  observed.  Tliis  is  one  of  the 
reasons  for  suspecting  that  the  lava  was  poured  out  under  water, 
Fince  the  weight  of  the  water  resting  on  the  surface  of  the  lava  would 
prevent  in  large  measure  the  expansion  of  included  gases  or  steam ; 
yet  it  is  admitted  that  no  proof  of  their  submarine  origin  has  l)een 
discovei'ed.  Interbedded  tuffs  and  shales  were  not  found  in  the 
greenstone.  Frequently  a  weathered  surface  of  the  greenstone  is  seen 
where  the  amygdules  have  been  dissolved  out,  leaving  a  vesicular 
rock  that  probably  resembles  closely  the  original  lava  flow. 

A  newly  broken  surface  of  the  greenstone  would  hardly  lead  one 
to  believe  that  chemical  alteration  had  taken  place  to  any  consider- 
able extent,  for  the  rock  appears  to  be  fairly  fresh,  yet  microscopic 
examination  of  the  sections  shows  that  the  alteration  is  advanced 
and  is  general. 
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The  Nikolai  greenstone  is  less  obtrusive  in  its  topographic  expres- 
sion than  either  the  shales  or  the  limestone.  It  forms  steep  slopes 
and  ragged  mountain  tops,  but  the  greenstone  mountains  do  not 
possess  the  sharp,  angular  outlines  of  the  shale  mountains  or  the 
high  wall-like  cliffs  and  the  pointed  spires  of  the  limestone.  Neither 
do  the  lower  greenstone  hills  present  the  smooth,  rounded  contours  of 
the  glaciated  shale  ridges  oh  either  side  of  Young  Creek.  The  green- 
stone resists  decay,  but  it  has  numerous  joints  and  fracture  planes 
and  rapidly  breaks  down  under  northern  climatic  conditions.  This 
accounts  for  the  roughness  of  its  ridges,  the  absence  of  smooth  perpen- 
dicular cliffs,  and  the  vast  quantity  of  angular  blocks  below  its  large 
exposures.  Such  blocks  do  not  disintegrate  like  the  shales,  so  that 
greenstone  pebbles  and  bowlders  form  a  conspicuous  proportion  of  the 
gravels  and  other  unconsolidated  deposits.  The  greenstone,  like  the 
Chitistone  limestone,  resisted  strongly  the  distorting  forces  that  are 
so  plainly  expressed  in  the  folding  of  the  McCarthy  shale.  There  is 
even  less  evidence  of  folding  than  in  the  limestone,  but  it  is  apparent 
from  field  observations  that  adjustment  to  pressure  by  faulting  has 
taken  place  extensively. 

PETBOGBAPHIG  DESCRIPTION. 

Thin  sections  of  greenstone  studied  with  the  microscope  show  that 
the  rock  is  a  typical  diabase  now  much  altered.  The  principal  con- 
stituents are  feldspar  and  colorless  pyroxene.  The  feldspar  is  labra- 
dorite,  occurring  in  lath-shaped  crystals,  and  in  nearly  every  section 
is  more  or  less  altered.  Pyroxene  fills  the  spaces  between  the  feld- 
spars. It  has  been  less  resistant  to  alteration  than  the  feldspar  and 
is  largely  altered  to  a  serpentinous  or  chloritic  material.  Accessory 
minerals  are  magnetite  or  ilmenite  and  chalcopyrite ;  olivine  and 
iddingsite  are  rare.  The  principal  alteration  minerals  are  serpen- 
tine or  chlorite,  calcite,  and  perhaps  quartz. 

Cavities  in  the  greenstone  were  abundant,  but  have  been  filled  with 
secondary  minerals  such  as  chlorite,  delessite,  calcite,  and,  rarely, 
quartz.  Many  of  the  amygdules  show  an  outer  coating  of  chloritic 
material  and  an  inner  filling  of  radiating  delessite  crystals,  in  some 
sections  associated  with  calcite.  An  opaque  decomposition  product 
is  common. 

DISTRIBUTION. 

The  Nikolai  greenstone  underlies  conformably  the  Chitistone  lime- 
stone and  took  part  in  the  folding  and  faulting  that  the  lower  part 
of  the  limestone  underwent.  Its  distribution,  therefore,  is  related  to 
that  of  the  limestone,  and  most  of  its  outcrops  represented  on  the 
map  lie  in  a  narrow  belt  on  the  south  of  the  limestone  belt  that  is 
practically  continuous  and  extends  southeastward  from  the  north- 
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west  corner  of  the  mapped  area  to  the  head  of  Texas  Creek.  This 
l)elt  has  its  greatest  width  on  Nizina  River.  A  branch  extends  east- 
ward up  Chitistone  River  and  then  southeastward  into  the  valley 
of  (ilacier  Creek,  a  northwestward -flowing  tributary  of  the  Chitistone 
just  beyond  the  eastern  limit  of  the  area  mapped.  The  ridge  be- 
tween Dan  and  Glacier  creeks  is  capped  by  a  broad,  flat  syncline 
of  limestone  pitching  gently  northwest,  but  the  base  of  this  rid^e 
wherever  it  is  exposed  is  greenstone.  Greenstone  is  exposed  on  both 
sides  of  Chitistone  River.  It  dips  below  the  gravel  floor  of  Nizina 
River  north  of  the  Chitistone  but  rises  to  view  again  on  the  west 
side  and  continues  north  half  a  mile  or  more  till  it  is  cut  off  by  a 
fault  beyond  the  limits  of  the  area  mapped. 

In  places  only  a  veneer  of  conglomerate  or  shale  of  the  Kennicott 
formation  covers  the  Nikolai  greenstone  and  small  isolated  patches 
of  the  greenstone  appear  where  the  thin  covering  has  been  removed. 
Such  patches  are  seen  about  National  Creek  and  south  of  Nikolai 
Creek.  Two  small  patches  of  greenstone  appear  as  islands  in  the 
gravels  of  Nizina  River,  and  another,  exposed  through  faulting  and 
erosion,  lies  on  the  north  side  of  Copper  Creek. 

THICKNESS. 

It  is  impossible  to  determine  the  thickness  of  the  Nikolai  green- 
stone from  observations  in  the  area  under  consideration,  for  nowhere 
within  this  area  is  the  base  of  the  greenstone  exposed.  Furthermore, 
it  is  not  certain  that  the  base  of  the  greenstone  is  exposed  in  other 
parts  of  Chitina  Valley,  although  it  is  reported  in  the  Chitistone 
River  basin,  and  it  seems  probable  that  certain  tuffaceous  and  shale 
beds  in  the  Kotsina  Valley  may  represent  it. 

The  figures  to  be  given  represent,  therefore,  only  that  part  of  the 
formation  exposed  immediately  below  the  Chitistone  limestone — ^that 
is,  the  upper  part.  One  of  tlie  best  localities  for  measurements  is 
on  the  east  side  of  Nizina  River,  just  north  of  Dan  Creek:  The  dip 
of  the  limestone  and  greenstone  is  low  to  the  northeast.  Unless  the 
greenstone  is  reduplicated  by  faulting,  its  thickness  at  this  locality 
is  at  least  4,000  and  possibly  5,000  feet.  The  conditions  for  measure- 
ment in  the  mountain  on  the  west  side  of  Nizina  River  are  less  favor- 
able, but  there  appear  to  be  not  less  than  4,500  feet  of  greenstone 
exposed  there.  About  2,000  feet  are  exposed  on  the  east  side  of  Mc- 
Carthy Creek  and  3,500  feet  in  the  ridge  on  which  the  Bonanza 
mine  is  situated.  Between  Bonanza  Creek  and  Kennicott  Glacier  a 
thickness  of  over  4,000  feet  of  greenstone  is  exposed.  Faults  are 
difficult  to  locate  in  the  greenstone  unless  some  of  the  other  forma- 
tions are  present  to  give  a  clue  to  their  existence,  and  it  is  recognized 
that  faults  of  sufficient  importance  to  impair  the  value  of  the  meas- 
urements given  may  have  escaped  notice.       It  is  highly  j)robable. 
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however,  that  the  thickness  of  greenstone  in  the  Nizina  district  ap- 
proaches 4,500  feet,  and  there  can  be  little  if  any  doubt  that  it  is 
over  4,000  feet. 

Schrader  and  Spencer  estimated  roughly  the  thickness  of  the 
Nikolai  greenstone  in  the  upper  part  of  Kotsina  Valley  at  4,000  feet." 

AGE. 

Inasmuch  as  the  Nikolai  greenstone  is  composed  of  lava  flows  and 
so  far  as  known  does  not  contain  intercalated  fossil-bearing  beds, 
the  determination  of  its  age  depends  on  its  relation  to  the  formations 
with  which  it  is  associated.  The  greenstone  may  perhaps  contain 
intruded  sills  of  rock  similar  in  composition  to  the  flows,  but  for 
the  most  part  it  is  made  up  of  lavas  that  were  poured  out  before  the 
Chitistone  limestone  began  to  be  deposited.  It  can  not  therefore  be 
later  than  Upper  Triassic.  Unfortunately  no  evidence  has  been 
collected  to  fix  a  lower  age  limit.  North  of  the  Nizina  district,  in 
the  valley  of  Skolai  Creek  and  about  Skolgfi  Pass  and  the  head  of 
White  River,  the  massive  upper  Carboniferous  limestone  is  overlain 
by  thin  shale  beds,  tuffs,  and  lava  flows.  These  overlying  beds  are 
believed  to  rest  on  the  limestone  conformably.  The  lava  flows  in- 
crease rapidly  in  amount  as  the  succession  is  followed  upward  until 
they  finally  predominate.  There  is  a  possibility  that  the  Nikolai 
greenstone  represents  the  upper  part  of  these  lavas  overlying  the 
Carboniferous  limestone,  in  which  case  their  age  would  be  Triassic. 
Brooks  and  Kindle  have  presented  evidence  to  show  that  Triassic 
sediments  along  the  upper  Yukon  rest  conformably  on  limestone  of 
the  same  age  as  the  limestone  on  White  River.''  There  is  therefore 
some  degree  of  probability  that  a  similar  relation  of  Carboniferous 
and  Triassic  formations  of  the  W^rangell  Mountains  may  sometime 
be  established.  A  comparison  of  the  Nikolai  greenstone  with  the 
rocks  south  of  Chitina  River  is  of  interest  but  throws  little  light  on 
the  age  of  the  greenstone.  The  rocks  south  of  the  Chitina  are  chiefly 
sediments,  schists,  graywackes,  and  limestones,  all  much  meta- 
morphosed rocks.  Their  age  is  not  known  but  they  are  usually 
referred  to  the  Paleozoic.  The  degree  of  alteration  in  them  is  far 
greater  than  in  the  greenstone,  and  if  this  fact  may  be  used  as  evi- 
dence the  greenstone  is  considerably  younger.  With  our  present 
knowledge  it  is  hardly  possible  to  say  anything  more  definite  con- 
cerning the  age  of  the  greenstone  than  that  it  is  older  than  the 
Chitistone  limestone  and  probably  is  Triassic. 

•  Schrader.  P.  C,  and  Spencer,  A.  C,  The  geology  and  mineral  resources  of  a  portion  of 
the  Copper  River  district,  Alaska:  Special  publication  of  the  U.  S.  Geol.  Survey.  1901. 
p.  42. 

*  Brooks,  A.  H.,  and  Kindle,  E.  M.,  Paleoxoic  and  associated  rocks  of  the  upper  Yukon, 
Alaska :  Bull.  Geol.  Soc.  America,  vol.  19,  1908,  p.  305. 
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JURASSIC  OR  POST-JURASSIC  IGNEOUS  ROCKS. 

QUARTZ    DIORITE    PORPHYRY    nTTRVBIYEB. 
LITHOLOGIC   CHABACTEB. 

Light-colored  porphyritic  intrusive  rocks  are  abundant  in  the 
Kennicott  formation  and  are  confined  almost  entirely  to  that  for- 
mation, for  it  is  a  remarkable  fact  that  intrusives  are  rare  in  the 
Triassic  sediments  and  the  greenstone.  These  intrusive  rocks  occur 
in  the  form  of  laccoliths,  dikes,  and  sills.  They  show  considerable 
differences  in  texture  and  vary  from  fine-grained,  almost  aphanitic 
phases  to  distinctly  granular  phases  in  which  larger  crystals  or 
phenocrysts  of  feldspar  and  quartz  are  included.  The  color,  too, 
varies  from  almost  white  to  creamy  white  and  various  shades  of 
gray  and  brown.  Small  phenocrysts  of  quartz  with  perfect  crystal 
outlines  are  common,  but  as  a  rule  the  more  abundant  feldspar  crys- 
tals are  less  distinct  owing  to  chemical  alteration  that  has  taken 
placa  It  seems  rathec  remarkable  that  the  rock  should  be  so  fine 
grained  as  it  is  in  some  of  the  larger  intrusives  and  that  it  should 
have  had  so  litle  effect  on  the  shales  into  which  it  was  intruded. 

The  porphyries  show  many  stages  of  alteration,  from  intrusions 
that  look  perfectly  fresh  to  those  in  which  the  feldspars  are  almost 
wholly  decomposed  and  the  rock  has  a  dull,  lifeless  appearance.  A 
(•urious  banded  arrangement  of  alteration  products  was  noted  in 
some  of  the  light-colored,  fine-grained  intrusives.  Different  stages 
in  the  advancement  of  alteration  are  indicated  bv  concentric  zones  of 
yellowish-brown  and  white  color,  which  show  that  the  chemical 
changes  proceeded  in  an  orderly  way  from  the  surface  toward  the 
center  of  each  joint  block. 

In  many  places  large  masses  of  black  sliale  have  been  caught  up  in 
the  body  of  an  intrusive  and  stand  out  in  a  most  conspicuous  way 
against  the  lighter-colored  porphyry  background  (PI.  XI,  .1).  Some 
of  these  intruded  shale  masses  are  half  a  mile  in  length  along 
their  outcrops  and  give  the  appearance  of  thin  shale  beds  between 
very  thick  porphyry  sills.  In  general,  however,  the  included  shale 
masses  are  much  smaller. 

The  porphyries  resist  decomposition  but  readily  break  down  inti* 
slabs  and  angular  fragments  which  give  rise  to  extensive  talus 
slopes,  or  "  rock  slides,"  as  they  are  locally  called.  Such  debris, 
because  of  its  light  color  and  its  resistance  to  decay,  gives  character 
to  slopes  of  loose  material,  and,  although  the  dikes  or  sills  from  whii  .* 
it  came  may  form  only  a  minor  portion  of  the  rock  mass,  it  almost 
completely  hides  the  presence  of  shale  or  other  kinds  of  rock. 

Dikes  and  sills  are  numerous  but  present  no  unusual  features  fur- 
ther than  that  some  of  the  sills  persist  for  long  distances  and  in 
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places  take  the  form  of  long  overlapping  lensoy.  There  is  a  marked 
tendency  for  the  intruded  rock  to  follow  bedding  planes  rather  than 
to  cut  across  the  beds,  so  that  the  sills  are  more  numerous  than  dikes. 
Some  of  the  sills  in  the  black  shales  on  the  south  side  of  Copper  Creek 
valley  continue  uninterruptedly  for  several  miles  and  are  such  dis- 
tinct features  that  the  prospectors  have  given  them  numbers,  as  the 
first,  second,  etc.  They  vary  in  thickness  from  a  foot  or  two  to  100 
feet  and  give  valuable  aid  in  determining  structure  in  the  shales. 
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FicrRB  4. — Diagram  showincr  the  oyerlapping  of  lenticular  porphyry  sills  in  the  black 
shales  south  of  Copper  Creek.     Some  of  the  lenses  are  10  to  15  foet  thick. 

A  good  example  of  the  way  in  which  the  porph^-ry  dikes  cut  the  black 
shales  is  given  in  Plate  XI,  /?.     (See  also  fig.  4.) 

PETRCKiRAPHIC   DESCRIPTION. 

Microscopic  examination  of  thin  sections  of  the  porphyry  intru- 
sives  shows  that  perfectly  fresh  unaltered  specimens  are  hardly  to 
l)e  found  and  that  alteration  products  are  practically  always  present. 
The  rock  has  a  fine-grained  groundmass  consisting  chiefly  of  feld- 
spar more  or  less  altered  and  a  little  quartz  in  which  are  phenocrysts 
of  feldspar  and  quartz.  Various  degrees  of  crystallization  appear 
in  the  groundmass,  but  its  perfection  may  be  ob.scured  by  chemical 
alteration  that  has  taken  place  since  the  magma  consolidated.  One 
or  two  of  the  .sections  studied  are  from  specimens  in  which  crystalliza- 
lion  had  not  proceeded  far  when  it  was  interrupted  by  cooling  of  the 
intrusive  rock.  These  sections  show  a  fine-grained  groundmass, 
almost  isotropic,  filled  with  tiny  forked  skeleton  laths  or  crystals  of 
feldspar.  Most  sections,  however,  show  a  more  advanced  degree  of 
crystallization.  The  feldspar  is  of  the  more  acidic  plagioclase  variety. 
2k»nal  phenocrysts  give  an  opportunity  to  determine  that  they  belong 
mostly  to  the  oligoclase-andesine  series.  Orthoclase  appears  in  a  few 
specimens.  Quartz  in  rounded  plates  or  with  embayments  is  not 
uncommon,  but  for  the  most  part  the  outlines  are  sharp  and  angular. 
Brown  mica  is  usually  present,  as  are  also  shreds  and  scales  of  color- 
less mica.  Hornblende  is  the  next  most  common  ferromagnesian 
mineral.  Many  of  the  crystals  are  much  altered,  and  in  some  sections 
the  former  presence  of  hornblende  is  known  only  by  the  decomposi- 
tion products  taking  the  form  of  the  characteristic  hornblende  cross 
section.  Pyroxene  was  found  in  one  specimen.  Most  sections  show 
n  black  metallic  mineral  like  magnetite  and  brown  iron-oxide  stain. 

70648'— Bull.  448—11 5 
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Alteration  begins  in  the  feldspars  and  results  in  the  production 
of  fine  scales  of  a  highly  refractory  mineral,  probably  muscovite, 
that  appear  in  fractures  and  along  some' of  the  zonal  bands  of  the 
phenocrysts.  Calcite  is  a  common  secondary  mineral  and  results 
from  the  decomposition  of  hornblende  and  of  feldspar,  yet  it  may 
have  been  introduced  in  part  by  circulating  water.  Calcite  resulting 
from  decomposition  of  hornblende  is  associated  with  iron  oxide. 

DIBTBIBUnON. 

Porphyritic  intrusions  are  present  in  the  black  shales  of  the  Ken- 
nicott  formation  in  all  parts  of  the  Nizina  district,  but  they  have 
their  greatest  development  north  of  Nizina  River.  Porphyry  Peak 
and  Sourdough  Peak  are  composed  largely  of  porphyry,  as  is  also 
the  mountain  north  of  Nikolai  Creek.  The  upper  parts  of  all  three 
are  made  up  almost  entirely  of  porphyry  in  which  are  included 
masses  of  black  shale.  These  laccoliths  form  a  hard  resisting  cap 
on  the  softer  shale  base  and  doubtless  have  been  an  important  factor 
in  protecting  the  shale  from  erosion.  There  are  no  such  large  por- 
phyry masses  in  the  black  shales  southeast  of  Nizina  River,  but  sills 
and  dikes  are  numerous  in  all  the  shale  mountains  from  Dan  Creek 
to  Young  Creek.  They  appear  to  be  more  numerous  on  Dan  and 
Copper  creeks  and  about  the  head  of  Rex  Creek  than  they  are  far- 
ther south,  but  the  steep,  bare  sides  of  the  mountains  in  the  former 
locality  give  better  opportunities  for  discovering  them  than  the  lower 
timber  and  moss-covered  slopes  of  the  latter.  The  preference  shown 
by  the  intrusives  for  tlie  black  shales  is  considered  as  evidence  that 
the  molten  rock  was  able  to  force  itself  into  the  black  shales  more 
easily  than  into  the  lower  formations  or  the  upper  part  of  the  Ken- 
nicott  formation.  It  is  remarkable,  when  one  considers  their  num- 
ber in  the  Kennicott  formation,  that  so  few  intrusives  are  present  in 
the  Triassic  sedimentary  formations  and  the  greenstone.  Special 
attention  was  given  to  this  point  during  the  course  of  field  work, 
since  it  was  assumed  that  the  intruding  rocks  must  cut  the  older 
formations  in  order  to  reach  the  overlying  younger  formations  and 
that  traces  of  some  of  the  conduits  through  which  the  melted  rock 
rose  would  be  found.  A  few  dikes  were  discovered,  but  they  do  not 
seem  to  bear  any  proper  relation  in  size  and  number  to  the  amount 
of  intruded  matter  in  the  shales,  so  that  one  is  forced  to  conclude  that 
the  intrusives  entered  the  shales  through  some  channel  not  exposed. 

AGE. 

Intrusives  in  the  Kennicott  formation  can  not  be  older  than  the 
rcxjks  into  which  they  are  intruded.  Consequently  they  can  not  be 
older  than  late  Jurassic  or  possibly  early  Cretaceous.  No  evidence 
bearing  on  their  upper  age  limit  was  discovered  in  the  Nizina  district. 
It  is  perhaps  true  that  the  intrusions  did  not  all  take  place  at  one  time, 
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and  there  might  be  cited  r.s  bearing  on  this  point  the  fact  that  there 
is  considerable  variation  in  the  composition  and  alteration  of  the 
intruded  rocks.  These  two  facts,  however,  are  not  in  themselves 
proof.  Such  evidence  as  the  intersection  of  one  dike  or  sill  by  an- 
other dike  or  sill  was  not  found,  and  it  seems  probable  that  the  quartz 
porphyry  intrusions  belong  to  one  period  of  intrusion. 

Paige  and  Knopf  have  presented  evidence  to  show  that  the  quartz 
diorites  of  the  Talkeetna  Mountains  are  later  than  Middle  Jurassic 
but  younger  than  the  late  Jurassic,  and  state  that  they  are  "  thus 
contemporaneous  in  a  general  way  with  that  great  series  of  batho- 
lithic  intrusions  of  late  Mesozoic  age  which  affected  the  entire  Cor- 
dilleran  region  from  the  Straits  of  Magellan  to  the  Seward  Peninsula 
of  noiithwestern  Alaska."  <»  Quartz  diorites  of  equivalent  age  intrude 
Upper  Jurassic  sediments  in  the  Nutzotin  Mountains  northeast  of 
the  Wrangell  Group.*  There  is  a  strong  presumption  that  the  quartz 
diorite  porphyries  of  the  Nizina  district  are  but  one  manifestation  of 
a  disturbance  that  was  widespread  and  of  much  greater  importance 
in  many  other  localities  than  it  was  here. 

STRUCTURE. 

Keference  has  already  been  made  in  the  descriptions  of  the  different 
formations  to  most  of  the  structural  features  of  the  district,  but  for 
the  sake  of  clearness  these  facts  are  here  brought  together  in  one 
section.  Examination  of  the  geologic  map  (PI.  Ill,  in  pocket)  shows 
that  in  a  general  way  the  formations  lie  in  zones  extending  in  a 
northwest-southeast  direction.  Two  sections  are  placed  on  the  map 
to  interpret  the  structure  of  these  formations.  They  show  that  the 
prevailing  dip  of  the  formations  below  the  Kennicott  is  toward  the 
northeast  but  that  the  prevailing  dip  of  the  Kennicott  itself  is  toward 
the  southwest,  and,  further,  that  in  consequence  of  the  greater  dis- 
turbances that  have  taken  place  in  the  older  formations  their  general 
dip  is  considerably  greater.  Section  A-A  shows  the  synclinal  struc- 
ture of  the  Nikolai,  Chitistone,  and  McCarthy  formations  along  the 
northern  boundary  of  the  mapped  area  west  of  Nizina  River.  A 
parallel  section  northeast  from  any  point  on  Dan  Creek  to  Chitistone 
River  or  Glacier  Creek  would  have  shown  this  synclinal  structure  but 
with  the  syncline  much  flattened  out,  and  a  comparison  of  such  a  sec- 
tion with  section  A-A  and  the  map  would  show  that  the  synclinal 
axis  pitches  gently  northwest.  Section  ^l-.l  also  shows  the  uncon- 
formable relation  of  the  Kennicott  to  the  older  formations,  its  com- 
paratively low  southwesterly  dip,  and  the  fault  that  here  displaces 
the  basal  beds  of  the  Kennicott  and  the  Nikolai  greenstone.    Section 

•Palffp,  Sidney,  and  Knopf,  Adolph,  CpoIorIc  reconnaissance  In  the  Matanuska  and 
Talkeetna  basins,  Alaska :  Bull.  U.  S.  Gool.  Survoy  No.  327,  1907,  p.  20. 

»Mofflt,  Fred  H.,  and  Knopf,  Adolpb,  Mineral  resources  of  the  Nabesna- White  district, 
Alaska:  Bull.  U.  8.  Geol.  Survey  No.  417,  1910. 
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B-B  shows  the  Keimia>tt  formation  dipping  gently  to  the  southwest 
in  broad  open  folds.  The  southwest  dip  is  small  but  is  sufficient  to 
bring  the  interbedded  shale  and  sandstone  forming  the  upper  part 
of  the  Kennicott  formation  well  down  on  the  slope  of  the  mountains 
south  of  Young  Creek,  although  these  beds  appear  only  on  the  tops 
of  the  high  mountains  south  of  Copper  Creek  and  about  the  head  of 
Rex  Creek.  At  the  northeastern  end  of  this  section  the  greenstone 
and  the  limestone  lie  almost  horizontally,  but  a  displacement  has 
taken  place  by  which  the  limestone  is  brought  into  contact  with  the 
black  shale  of  the  Kennicott  formation,  and  it  appears  that  near  the 
fault  plane  the  limestone  dips  to  the  southwest  or  toward  the  fault. 

Faulting  is  of  common  occurrence  in  the  Nizina  district,  but  with 
the  exception  of  the  fault  shown  on  the  two  sections  most  of  tjhe  dis- 
placements are  comparatively  small  in  amount.  The  great  fault  just 
referred  to  is  a  strike  fault — that  is,  its  trend  is  the  same  as  the  pre- 
vailing strike  of  the  formations  and  it  extends  from  Copper  Creek 
northwestward  to  McCarthy  Creek.  From  work  done  in  previous 
years  it  is  known  that  this  great  fault  continues  westward  beyond  the 
Kennicott  Glacier,  but  its  course  there  has  not  been  traced. 

Good  opportunities  for  studying  the  fault  were  found  at  two  locali- 
ties, one  on  the  South  Fork  of  Nikolai  Creek  and  the  other  on  Dan 
and  Copper  creeks.  The  north  slope  of  the  South  Fork  of  Nikolai 
Creek  is  a  dip  slope  formed  by  a  thin  veneer  of  basal  Kennicott 
beds  resting  on  greenstone.  (See  section  ^1-^,  PI.  III.)  The  south 
slope  shows  the  basal  Kennicott  in  the  creek  with  a  narrow  belt  of 
greenstone  above  it  and  above  the  greenstone  a  great  thickness  of 
Kennicott  dipping  to  the  southwest.  The  Kennicott  and  Nikolai 
formations  in  this  locality  were  displaced  by  a  fault  in  such  a  way 
that  the  rocks  on  the  south  side  now  have  a  relatively  higher  position 
than  those  on  the  north  side.  The  fault  dips  high  to  the  northeast 
and  the  displacement  is  about  800  feet.  Very  different  conditions 
prevail  on  Dan  and  Copper  creeks.  Section  B-B^  Plate  III,  shows 
(hat  the  north  slope  of  Dan  Creek  is  formed  of  Nikolai  greenstone  and 
Chitistone  limestone  lying  in  a  practically  horizontal  po.-ition.  This 
condition  does  not  hold  on  the  south  side;  instead  a  great  block  of 
limestone  abuts  against  black  Kennicott  shales  and  forms  the  point 
of  the  obtuse  angle  between  Dan  and  Copper  creeks.  In  this  locality 
the  displacement  involves  a  raising  of  the  north  side  relatively  to 
the  south  side,  exactly  the  revei^  condition  from  that  in  the  Nikolai 
Creek  locality.  This  fault  dips  about  60""  NE.  on  Dan  Creek  and, 
although  complicated  by  minor  cross  faults,  has  a  displacement  that 
seems  to  be  nearly  or  quite  the  thickness  of  the  Chitistone  limestone. 

The  same  relative  movement  as  that  on  Dan  Creek  took  place  on 
the  two  sides  of  the  fault  on  the  west  side  of  Kennicott  Glacier — that 
is,  the  formations  on  the  north  side  were  raised — yet  no  direct  evidence 
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was  discovered  to  prove  the  existence  of  the  fault  between  the  glacier 
and  McCarthy  Creek. 

Faults  of  this  kind  in  which  the  relative  movements  of  the  two 
walls  are  opposite  in  direction  at  two  different  localities  are  known 
elsew^here,  yet,  inasmuch  as  the  gravels  of  Nizina  River  prevent  the 
demonstration' that  the  Dan  Creek  fault  is  continuous  with  that  of 
Nikolai  Creek,  it  should  be  stated  that  the  conditions  described  might 
result  from  the  dropping  of  a  block  between  two  parallel  faults,  in 
which  case  we  should  be  dealing  not  with  one  but  rather  with  two 
faults.  No  evidence  was  seen  in  the  field  to  raise  a  suspicion  that 
two  closely  spaced  faults  occur  here.  A  perpendicular  fault  almost 
parallel  with  the  Dan  Creek  fault  traverses  the  Young  Creek  valley, 
and  a  third,  whose  strike  is  more  nearly  east  and  west,  crosses  Nizina 
River  a  short  distance  north  of  the  limits  of  the  area  mapped.  The 
Young  Creek  fault  is  probably  of  the  same  order  of  magnitude  as 
that  of  Dan  Creek  but  is  more  difficult  to  study,  since  only  one  for- 
mation is.  concerned  in  the  localities  where  it  was  examined.  It  has 
a  known  horizontal  extension  of  5  or  6  miles  and  the  zone  of  dis- 
turbance is  a  wide  one.  These  displacements,  however,  throw  no 
light  on  the  problems  of  Dan  and  Nikolai  creeks. 

The  three  faults  just  mentioned  are  the  most  prominent  ones  of  the 
Nizina  district,  but  they  are  not  the  only  ones.  There  is  evidence  in 
many  places  of  movement  of  the  greenstone  and  limestone  formations 
along  their  plane  of  contact,  but  measurements  of  displacement  under 
such  conditions  are  difficult.  Undoubtedly  faults  are  present  in 
many  places  where  they  have  not  been  recognized,  for  it  is  only 
under  favorable  conditions  that  they  are  discovered.  Such  condi- 
tions are  provided  by  the  limestone-greenstone  contact.  The  char- 
acter and  frequency  of  faulting  are  shown  on  the  geologic  map  by  the 
contact  north  of  Dan  Creek.  Displacements  of  the  kind  occurring 
there  are  difficult  to  recognize  and  to  trace  where  only  one  of  the 
formations  is  present.  Most  of  the  observed  minor  faults  make 
obtuse  angles  approaching  90°  with  the  major  strike  faults  and  are 
vertical  or  nearly  so.  They  are  present  in  many  places  and  are 
commonly  of  small  displacement  in  comparison  with  the  strike  faults 
even  when  of  considerable  horizontal  extension.  The  shear  zone  of 
the  Bonanza  ore  body  is  of  this  class.  It  was  traced  in  a  direction 
N.  30°  E.  from  the  mine  for  a  distance  of  1  mile,  but  the  displacement 
at  the  limestone-greenstone  contact  is  only  2  feet.  A  parallel  fault 
on  the  east  side  of  McCarthy  Creek  has  a  displacement  of  over  500 
feet.  The  numerous  faults  north  of  Dan  Creek  are  vertical  or  nearly 
so  and  have  displacements  ranging  from  10  or  15  feet  to  several 
hundred  feet.  Minor  strike  faults  were  also  noted,  but  since  they 
do  not  cut  bedding  or  formation  boundaries  they  are  apt  to  be  un- 
discovered, as  are  also  faults  of  low  dip,  such  as  the  horizontal  frac- 
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ture  planes  of  the  Bonanza  mine,  along  which  sliglit  movement  has 
taken  place. 

In  summarizing  what  has  been  said  about  faulting  attention  Is 
directed  to  the  fact  that  in  a  broad  way  the  faults  may  be  divided 
into  two  classes,  those  parallel  to  the  prevailing  strike  of  the  forma- 
tions and  those  that  are  approximately  perpendicular  to  it.  These 
may  be  referred  to  as  strike  faults  and  dip  faults,  for  they  are 
vertical  or  approximately  so,  and  their  strikes  correspond  in  a  meas- 
ure with  the  direction  of  strike  and  dip  of  the  formations. 

The  principal  strike  faults  have  given  rise  to  great  displacement 
of  the  rocks  cut  by  them  and  persist  for  long  distances  horizontally. 
The  dip  faults  are  more  numerous  but  the  displacements  are  smaller. 
The  effects  of  these  faults  on  the  rocks  may  be  compared  to  the 
fracturing  of  the  ice  in  a  glacier.  Blocks  were  formed  which  had  to 
adjust  themselves  to  surrounding  conditions;  some  of  them  moved 
up,  some  down,  as  will  be  seen  by  examining  the  limestone-greenstone 
contact  north  of  Dan  Creek.  In  this  way  adjustments  of  great 
amount  were  brought  about  by  many  small,  widely  distributed 
displacements. 

AREAL  GEOLOGY. 

The  areal  distribution  of  each  formation  has  been  indicated  in  the 
description  of  the  formation.  It  now  remains  to  bring  these  scat- 
tered facts  together  in  one  brief  statement.  Fully  one-third  of  the 
mapped  area  is  occupied  by  unconsolidated  gravels,  sands,  etc.,  of 
glacial  and  fluvial  origin  (PI.  Ill,  in  pocket).  Two-thirds  of  the 
remainder  is  given  to  the  Kennicott  formation.  Consequently  less 
than  one-fourth  remains  to  the  rocks  older  than  the  Jurassic.  The 
greenstone,  the  limestone,  and  the  Triassic  shales  are  confined  strictly 
to  a  belt  along  the  northeastern  side  of  the  area,  but  their  territory 
is  invaded  in  a  few  places  by  outliers  of  the  overlying  basal  beds  of 
the  Kennicott  formation.  Triassic  shales  occupy  only  a  small  part 
of  the  area  belonging  to  the  older  rocks,  for  the  map  does  not  extend 
far  enough  north  to  include  the  places  of  their  greatest  develop- 
ment. They  are  seen  along  the  boundary  of  the  mapped  area  be- 
tween McCarthy  Creek  and  Nizina  River  and  in  the  vicinity  of 
Copper  Creek.  The  Nikolai  greenstone  and  the  Chitistone  lime- 
stone form  a  narrow  belt  that  extends  northwest  from  Pvramid 
Peak  to  Kennicott  Glacier.  Nothing  but  Kennicott  sediments  and 
the  igneous  rocks  intruded  in  them  appears  south  of  the  Triassic 
formations.  They  appear  in  two  principal  areas  on  the  two  sides  of 
Nizina  River  and  are  separated  by  a  broad  stretch  of  gravel  deposits. 
Quartz  diorite  porphyries  cut  the  Kennicott  sediments  in  all  parts 
of  the  district  but  find  their  greatest  development  in  the  black 
shales,  particularly  the  shale  area  north  of  Nizina  River.     The  per- 
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phyry  sills  of  Copper  Creek  are  conspicuous  because  of  their  per- 
sistence, but  the  intrusives  of  Porphyry  and  Sourdough  peaks  are 
so  much  greater  in  amount  that  they  dominate  in  the  upper  parts 
of  these  mountains. 

It  may  not  be  out  of  place  to  state  here  that  the  four  formations  of 
the  Nizina  region  continue  northwestward  beyond  Kennicott  Glacier 
and  that  their  areal  relations  there  are  practically  the  same  as  on 
the  east  side.  Black  Kennicott  shales  with  numerous  porphyry  in- 
trusives make  up  the  mountains  west  of  Porphyry  Peak  on  the 
opposite  side  of  Kennicott  River,  and  the  greenstone  and  Triassic 
sedimentary  formations  appear  north  of  Fourth  of  July  Pass.  The 
mountain  in  the  middle  of  the  glacier,  known  as  "  The  Peninsula," 
gives  an  excellent  section  of  the  greenstone  and  the  two  Triassic  for- 
mations. Greenstone  forms  the  southern  point  of  "  The  Peninsula." 
On  it  lies  the  northeastward-dipping  limestone,  which  is  succeeded  in 
turn  by  the  Triassic  shales.  This  locality  is  one  of  a  few  in  this 
region  where  the  limestone  has  been  closely  folded  and  much  con- 
torted. 

It  is  known  regarding  the  extension  of  these  formations  toward 
the  southeast  that  the  greenstone  outcrops  on  Canyon  Creek  east  of 
Young  Creek,  and  it  is  probable  that  both  greenstone  and  limestone 
extend  still  farther  eastward  into  the  Chitina  Valley.  Schrader 
traced  the  black  Jurassic  shales,  which  were  at  first  thought  to  be 
Triassic,  as  far  east  as  Canyon  Creek,  but  beyond  that  there  is  no 
information  concerning  them. 

HISTORICAIi   GEOLOGY. 

SEDIBflCENTABY  AND  IGNEOUS  BECOBD. 

In  describing  the  formations  of  the  Nizina  district  the  rocks  of 
sedimentary  origin  were  considered  in  one  group  and  those  of  igneous 
origin  in  a  second.  This  treatment  by  family  groups  is  not  followed 
in  the  discussion  of  the  historical  geology  of  the  district,  but  rather 
it  is  attempted  to  give  in  the  order  of  their  occurrence  the  geologic 
events  connected  with  the  different  rocks. 

The  first  event  in  the  geologic  history  of  the  district  concerning 
which  we  have  evidence  within  the  district  is  the  outpouring  of  lavas 
that  are  now  known  as  the  Nikolai  greenstone.  This  took  place  pre- 
vious to  the  deposition  of  the  Chitistone  limestone,  and  consequently 
either  in  Upper  Triassic  time  or  in  some  period  preceding  it.  It 
is  not,  probable,  however,  that  the  greenstone  flows  are  older  than 
the  Triassic,  since  the  best  evidence  at  hand  indicates  that  thev  are 
later  than  Carboniferous.  The  flows  did  not  take  place  as  a  single 
event  but  were  doubtless  continued  through  a  considerable  time 
interval.    There  is  some  reason  to  believe  that  they  may  have  been 
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poured  out  under  water,  although  it  is  by  no  means  established  that 
such  is  the  case ;  yet,  whether  they  accumulated  in  the  sea  or  whether 
they  accumulated  on  land  and  were  later  carried  below  sea  level  by 
subsidence  of  the  land,  the  beginning  of  deposition  of  Upper  Triassic 
marked  the  complete  cessation  of  volcanic  activity  for  the  time  being. 
Deposition  of  the  Chitistone  limestone  continued  for  a  long  interval 
of  time  without  important  changes  in  the  character  of  the  material 
laid  down.    At  first  the  conditions  of  accumulation  were  relatively 

« 

stable  and  the  massive  beds  at  the  base  of  the  Chitistone  were  formed, 
but  later  conditions  changed,  for  the  beds  grew  thinner,  and  finally 
thin  partings  of  shale  began  to  appear.  The  commencement  of  shale 
deposition  marked  the  beginning  of  the  transition  from  the  Chitistone 
limestone  to  the  McCarthy  shale.  As  the  shale  beds  increased  in 
amount  the  limestone  decreased,  till  finally  shale  predominated  and 
limestone  was  no  longer  of  importance  in  the  formation.  All  these 
events  that  concern  the  sedimentary  formations  took  place  before  the 
end  of  the  Triassic  period.  They  terminated  with  an  elevation  of 
the  Triassic  sediments  above  sea  level,  which  was  accompanied  or 
followed  by  deformation  and  folding  of  all  the  sedimentary  beds  and 
the  greenstone.  Erosion  of  the  new  land  surface  began  as  soon  as 
elevation  took  place  and,  unless  part  of  the  historic  record  has  been 
lost  or  overlooked,  continued  throughout  Lower  and  Middle  Jurassic 
time.  During  this  erosion  period  an  enormous  quantity  of  material 
was  removed  from  the  land  and  returned  to  the  sea,  but  what  became 
of  it  is  not  known.  The  beveled  edges  of  the  greenstone,  the  lime- 
stone, and  the  shale  bear  evidence  of  an  areal  extension  of  these 
formations  beyond  the  limits  now  recognized  and  testify  to  the  thou- 
sands of  feet  of  material  carried  away. 

Erosion  was  at  last  interrupted  by  the  advance  of  the  Jurassic 
sea.  This  advance  probably  took  place  from  the  west,  where  it  began 
in  Lower  Jurassic  time,  as  is  known  from  the  presence  of  Lower 
Jurassic  beds  on  Cook  Inlet.  Upper  Jurassic  sea  prevailed  in  the 
Chitina  region  long  enough  to  permit  many  thousand  feet  of  sedi- 
ments to  accumulate.  This  sea  is  supposed  to  have  been  a  somewhat 
restricted  one.  The  waters  were  shallow.  Probably  a  land  mass 
existed  to  the  south  in  the  region  of  the  present  Chugach  Moun- 
tains and  separated  the  sea  from  the  ocean.  The  sediments  de- 
posited in  the  Jurassic  sea  are  not  all  of  one  kind  and  were  de- 
posited under  varying  conditions.  The  Kennicott  formation  bears 
within  itself  evidence  of  many  and  important  changes  during  the 
time  when  it  was  being  laid  down.  Shore  conditions  are  indicated 
by  the  basal  conglomerate,  but  the  gradual  upward  decrease  in  size 
of  the  pebbles  that  form  the  conglomerate  and  the  transition  from 
conglomerate  or  grit  to  sandstone  and  from  sandstone  to  fine  black 
shales  tell  of  a  progressive  change  in  conditions  that  is  difficult 
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to  interpret,  for  it  may  have  been  caused  in  various  ways.  The 
great  thickness  of  fine  black  shale,  however,  is  evidence  of  long- 
continued  stability  in  the  source  of  supply  and  the  manner  of 
deposition  of  the  materials  composing  them.  Stability  at  last  gave 
place  to  instability,  and  another  great  thickness  of  interbedded 
shales  and  sandstones  followed  the  black  shales  till  the  last  known 
event  of  Upper  Jurassic  deposition  took  place  and  the  massive  upper 
conglomerate  was  laid  down.  Deformation,  elevation  above  sea  level, 
and  intrusion  by  quartz  diorite  porphyry  are  the  next  events  re- 
corded in  the  rocks  of  the  mapped  area,  and  they  lead  up  nearly  to  the 
beginning  of  development  of  the  present  topography.  Yet  there  is 
reason  for  assuming  that  the  Kennicott  formation  does  not  repre- 
sent the  latest  rocks  of  the  Nizina  district  and  that  other  younger 
sedimentary  and  igneous  rocks  may  have  once  been  present  but  are 
now  entirely  removed.  This  assumption  is  based  on  the  presence  of 
coal-bearing  beds  and  still  younger  lava  flows  in  the  vicinity  of 
Fourth  of  July  Creek,  west  of  Kennicott  Glacier,  and  on  the  head  of 
Chitistone  River.  Neither  of  these  localities  has  been  studied  in 
detail.  The  coal  of  Fourth  of  July  Creek  is  confined  to  a  small 
area.  It  lies  horizontally,  is  associated  with  black  carbonaceous 
shale,  and  is  overlain  by  arkose  sandstone  and  an  andesitic  lava 
flow.  Its  relation  to  the  great  fault  that  cuts  the  Kennicott  and  older 
formations  is  such  as  to  leave  little  doubt  that  it  was  deposited 
after  faulting  took  place,  and  it  is  provisionally  referred  to  the 
Tertiary.  Coals  associated  with  shales  and  sandstones  and  overlain 
by  lava  flows  are  exposed  on  Chitistone  River.  These  beds  also  are 
referred  to  the  Tertiary.  The  presence  of  these  younger  rocks  in  the 
immediate  vicinity  makes  it  appear  highly  probable  that  they  may 
have  extended  into  the  region  under  consideration,  since  it  is  diffi- 
cult to  understand  how  they  could  have  been  deposited  where  they 
now  appear  without  being  much  more  widespread  than  they  are. 
A  coal-bearing  formation  consisting  predominantly  of  coarse  arkose 
and  showing  no  evidence  of  marine  conditions,  but  included  between 
marine  Tertiary  formations,  reaches  a  thickness  of  more  than  2,000 
feet  in  the  Controller  Bay  region." 

More  than  3,000  feet  of  fresh-water  coal-bearing  Tertiary  sedi- 
ments are  exposed  in  the  Matanuska  region.* 

These  sediments  comprise  "  a  series  of  sandstones,  shales,  arkose, 
numerous  coal  seams,  and  a  large  volume  of  conglomerate."  The 
Gakona  formation  of  the  Copper  River  basin  ^  is  a  coal-bearing  for- 

•  Martin,  O.  C,  Geology  and  mineral  resources  of  the  Controller  Bay  region,  Alaska : 
Bull.  U.  S.  Geol.  Surrey  No.  335,  1908.  p.  31. 

*  Paige,  Sidney,  and  Knopf,  Adolpb.  Geologic  reconnalRsance  In  tlie  Matanuska  and  Tal- 
keetna  basins.  Alaska:  Bull.  r.  8.  Oeol.  Survey  No.  327,  1007,  p.  27. 

'  Mendenhall,  Walter  (\,  Geology  of  the  central  Copper  River  region :  Prof.  Paper  U.  S. 
Geol.  Survey  No.  41,  1005,  p.  52. 
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mation  of  fresh-water  origin.  It  reaches  a  thickness  estimated  to  be 
not  less  than  2,000  feet  and  includes  500  feet  of  conglomerate,  together 
with  shale,  gravel,  sand,  and  lignite  beds.  Other  areas  of  supposedly 
Tertiary  sediments  appear  in  the  Copper  River  valley,  but  very  little 
is  known  about  them.  If  the  coal-bearing  rocks  occurring  just  north 
of  the  Xizina  district  are  of  Tertiary  age,  it  is  a  reasonable  presump- 
tion in  the  absence  of  definite  proof  that  they,  like  the  coal-bearing 
Tertiary  formations  of  the  Matanuska  and  Copper  River  basins,  are 
of  fresh-water  origin,  and  that  therefore  there  is  no  necessity  for 
assuming  a  submergence  of  the  region  below  sea  level  after  the  Ken- 
nicott  formation  was  deposited.  The  element  of  doubt  in  this  pre- 
sumption lies  in  the  uncertainty  concerning  the  age  of  the  coal,  for 
it  is  known  that  the  Tapper  Jurassic  formations  as  well  as  the  Tertiary 
formations  of  the  Matanuska  region  carry  coal. 

PHTSIOaRAPHIC  RECOAD. 

There  is  good  evidence  in  many  parts  of  Alaska  to  show  that  at 
the  time  when  the  Tertiary  coal  formations  were  deposited  the  land 
had  a  much  lower  relief  than  it  has  to-day.  The  present  mountain 
ranges,  although  perhaps  distinctly  outlined,  had  not  yet  reached 
their  full  development.  The  coal  formations  were  laid  down  in 
depressions  of  a  land  surface  that  must  have  lacked  in  large  measure 
the  rugged  character  that  we  now  see.  Probably  this  land  surface 
presented  many  of  the  features  of  the  present  Copper  River  or 
Yukon  valleys  in  their  broader  parts.  Such  appear  to  have  been 
the  conditions  when  the  forces  that  resulted  in  the  uplifting  produc- 
tion of  the  present  Chugach  Mountains  and  the  Alaska  Range  began 
to  be  felt.  These  forces  doubtless  acted  slowly,  but  they  acted  for  a 
long  period  of  time,  and  they  may  be  in  operation  yet.  They  brought 
about  the  uplift  of  the  mountain  areas  and  made  it  possible  for  the 
agents  of  erosion  to  initiate  the  work  of  forming  the  present  moun- 
tain and  valley  features.  They  were  accompanied  by  or  were  the 
cause  of  the  extrusion  of  a  great  volume  of  lava  that  has  continued 
ahnost  to  the  present  day  and  is  the  most  characteristic  feature  of  the 
Wrangell  Mountains,  the  feature  that  distinguishes  them  from  the 
Cluigach  Mountains  on  the  south  and  the  Alaska  Range  on  the  north. 

Chitina  Valley  is  a  very  old  topographic  feature  and  was  formed 
by  a  stream  that  probably  had  an  outlet  by  way  of  the  upper  Copper 
River  valley  either  into  the  drainage  basin  of  Cook  Inlet  or  possibly 
into  the  Yukon  Valley.  Its  axis  coincides  with  the  boundary  line 
between  the  older  metamorphic  rocks  of  the  Chugach  Mountains  and 
the  younger,  less-altered  rocks  on  the  north  side  of  the  valley.  This 
boundary  in  part  marks  an  unconformity  of  deposition  and  possibly 
also  one  of  faulting,  but  in  either  case  it  appears  to  have  been  a 
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determining  factor  in  locating  the  position  of  the  valley.  The  valleys 
of  Nizina  River  and  the  other  streams  of  the  Nizina  district,  like 
the  Chitina  Valley,  originally  represented  the  work  of  streams  alone 
and  were  the  result  of  normal  stream  erosion,  but  they  have  been 
profoundly  modified  by  the  action  of  glacial  ice.  This  modification 
is  represented  chiefly  by  changes  in  valley  forms  due  to  straightening 
of  the  sides,  alterations  in  the  form  of  cross  section,  and  lowering  of 
the  valley  floors,  together  with  changes  brought  about  by  the  deposi- 
tion of  unconsolidated  glacial  materials.  These  modifications  having 
already  been  described  in  the  section  on  glaciation,  it  is  unnecessary 
to  repeat  their  description  here.  It  is  only  necessary  to  say  that  the 
most  conspicuous  topographic  features  we  see  to-day  owe  their 
present  appearance  to  recent  glaciation,  yet  that  subsequent  stream 
cutting  and  rapid  subaerial  erosion  due  to  the  subarctic  conditions 
have  begun  to  modify  the  land  forms  left  by  the  retreating  ice. 
These  later  features  are  seen  in  the  rock-walled  canyons  on  the  lower 
courses  of  all  the  streams,  the  deep  gulches  such  as  cut  the  Kennicott 
formation  on  White  and  Young  creeks,  and  the  great  accumulations 
of  loose  material  in  the  form  of  talus. 

ECONOMIC  GEOLOGY. 

HISTORY. 

The  history  of  mining  in  the  Chitina  Valley  begins  with  the  rush 
of  prospectors  to  Valdez  in  1898.  These  men  were  influenced  by  the 
gold  discoveries  in  the  Yukon  Basin  during  the  preceding  two  years 
and  came  to  Valdez  in  the  hope  of  finding  an  easier  route  to  the 
Yukon  or  new  placers  in  the  Copper  River  valley.  Reports  of  cop- 
per on  Copper  River  had  circulated  since  the  time  of  the  Russians, 
who  found  in  the  hands  of  natives  copper  that  probably  came  from 
the  Nizina  district,  yet  a  majority  of  the  prospectors  were  in  search 
of  gold,  not  copper.  A  few,  however,  turned  their  attention  to  cop- 
per and  crossed  from  Valdez  to  the  Wrangell  Mountains,  where  their 
efforts  received  encouragement.  In  the  following  year  (1899)  the 
search  for  valuable  minerals  was  resumed  and  prospecting  parties 
ascended  Chitina  Vallev  as  far  as  the  Nizina  district.  It  is  doubtful 
if  they  attempted  to  go  farther  east  in  the  main  vallej'^,  and  for  that 
matter  there  has  been  little  effort  to  prospect  the  upper  Chitina 
region  in  the  years  since  then.  The  Nikolai  copper  lode  was  shown 
to  a  party  of  white  men  by  a  native  sent  for  this  purpose  by  Chief 
Nikolai,  of  Taral,  in  July,  1899.  Nikolai's  house  was  at  the  mouth  of 
Dan  Creek,  and  the  ore  body  was  doubtless  discovered  by  the  natives 
on  some  of  their  hunting  expeditions.  It  is  usually  difficult  to  recon- 
cile the  statements  of  different  persons  concerning  the  early  events 
connected  with  the  history  of  a  new  country,  and  the  Nizina  district  is 
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no  exception  to  the  rule.  It  is  said  that  gold  was  discovered  on  both 
Dan  and  Young  creeks  at  about  this  time,  but  either  the  quantity 
found  was  small  or  the  difficulties  met  prevented  any  immediate  steps 
toward  developing  the  property. 

Work  was  begun  on  the  Nikolai  mine  in  1900  for  the  purpose  of 
securing  a  patent  to  the  claim.  Some  of  the  men  who  were  interested 
in  the  property  devoted  part  of  their  time  to  further  prospecting,  and 
in  this  way  the  large  body  of  chalcocite  named  the  Bonanza  ore  body 
was  discovered  about  the  end  of  July  or  the  first  of  August  (1900) 
by  C.  L.  Warner  and  Jack  Smith.  It  was  discovered  independently 
a  short  time  later  by  Spencer,  of  the  United  States  Geological  Sur- 
vey, who  was  engaged  in  mapping  the  contact  of  the  Nikolai  green- 
stone and  the  Chitistone  limestone.  Up  to  this  time  interest  in  gold 
placers  had  been  secondary  to  that  in  copper  prospects,  but  the  pres- 
ence of  gold  on  Dan  Creek  was  not  forgotten,  and  in  1901  the  creek 
was  staked  by  C.  L.  Warner  and  D.  L.  Kain  for  themselves  and  others. 
Mr.  Kain  was  known  to  his  companion  as  "Dan,"  and  they  named  the 
creek  after  him. 

The  first  men  to  find  gold  on  Chititu  Creek  were  Frank  Keman 
and  Charles  Koppus,  who  came  to  the  creek  in  the  first  part  of  April, 
1902.  They  were  joined  shortly  afterwards  by  two  others,  Messrs. 
Rowland  and  Dimmet,  and  these  men  staked  the  creek  for  themselves 
and  their  partners  on  April  25.  News  of  the  Nizina  strike  quickly 
reached  the  outside,  and  by  July  of  1902  the  stampede  was  under 
way.  A  new  town  sprang  up  on  Chititu  Creek  and  was  quickly  pro- 
vided with  all  the  usual  elements  of  a  thriving  placer  camp,  but 
there  was  not  enough  placer  ground  to  support  all  comers,  and  most 
of  the  population  soon  vanished.  The  richest  and  most  easily  mined 
gravels  were  largely  worked  out  in  the  first  years  by  pick  and  shovel, 
but  since  that  time  the  claims  on  both  Chititu  and  Dan  creeks  have 
become  more  and  more  consolidated  in  the  hands  of  a  few  owners, 
who  are  preparing  to  handle  their  gold-bearing  gravels  on  a  larger 
scale  by  more  economical  methods. 

A  similar  consolidation  of  ownership  has  taken  place  in  the  case 
of  the  Bonanza  mine,  so  that  now  instead  of  11  principal  ownerships, 
some  of  them  representing  two  or  more  persons,  the  property  is  con- 
trolled by  a  single  strong  corporation  capable  of  supplying  the  large 
capital  necessary  to  develop  the  ore  body. 

The  mineral  production  of  the  Chitina  Valley  to  the  present  time 
consists  entirely  of  gold,  which  is  practically  all  from  Chititu  and 
Dan  creeks.  Copper  has  not  been  produced  in  a  conunercial  way 
because  there  is  no  means  of  getting  it  to  the  coast,  so  that  all  the 
copper  brought  out  is  that  taken  for  samples  and  assays. 
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COPPEB. 

OCCURRENCE   OF   THE   ORES. 
OENEBAL   STATEKEKT. 

An  examination  of  the  copper  prospects  of  the  Chitina  Valley  was 
made  by  members  of  the  United  States  Geological  Survey  in  1907, 
and  a  report  of  that  work  was  published  in  bulletin  form  later." 

Since  that  time  there  has  been  considerable  advancement  in  the 
development  of  some  properties  and  a  few  discoveries  have  been 
made,  yet  the  results  of  the  work  done  have  thrown  no  light  on  the 
nature  of  the  changes  which  take  place  in  the  ore  bodies  as  distance 
from  the  surface  increases.  This  question,  excepting  that  of  the 
amount  of  ore  present,  is  probably  the  most  important  one  con- 
cerning the  copper  deposits  of  the  region.  A  study  of  the  copper 
deposits  on  the  eastern  side  of  the  Wrangell  Mountains  *  has  shown 
that  copper  occurs  there  under  much  the  same  conditions  as  in  the 
Chitina  Valley  and  has  suggested  some  further  ideas  as  to  the  origin 
of  the  ores.  The  descriptions  and  discusision  that  follow,  then,  are 
based  partly  on  previous  work  but  have  received  such  revision  and 
addition  as  have  been  found  to  be  necessary. 

Copper  ores  in  the  Chitina  Valley  north  of  the  river  occur  in  three 
ways — as  copper  and  copper-iron  sulphides  associated  with  the 
Nikolai  greenstone  and  with  the  Chitistone  limestone;  as  native 
copper  associated  with  the  greenstone;  as  placer  copper  accompanied 
by  native  silver  and  gold.  The  important  copper  minerals  are  chal- 
cocite  or  copper  glance,  bornite,  chalcopyrite,  and  native  copper.  In 
every  copper  prospect  there  is  a  small  quantity  of  one  or  more  of  the 
oxidation  products,  such  as  green  malachite  stain,  azurite,  and  less 
frequently  the  red  oxide,  cuprite.  Chalcanthite,  or  blue  copper  sul- 
phate, and  the  black  oxide,  tenorite,  are  rare.  Covellite  is  associated 
with  chalcocite  in  some  localities. 

The  ore  bodies  occur  as  replacements  of  greenstone  or  of  limestone 
or  as  fillings  in  cavities  developed  along  fault  planes,  shear  zones,  or 
joint  planes  in  greenstone  or  limestone.  A  few  examples  are  known 
of  ore  bodies  to  which  the  term  "fissure  vein"  might  be  applied  in 
its  popular  sense,  but  by  far  the  greater  number  of  the  copper  de- 
posits are  aggregates  of  copper  minerals  forming  ore  bodies  of 
irregular  shape  which  are  well  described  by  the  term  "bunch  de- 
posits," yet  even  the  "  bunch  deposits  "  are  believed  to  owe  their 
existence  to  the  presence  of  faults  or  fractures  that  permitted  the 
circulation  of  copper-bearing  solutions.    Aggregates  of  copper  min- 

•Moffit,  Fred  H.,  and  Maddren,  A.  G.,  Mineral  resources  of  the  Kotslna-Chltlna  region, 
Alaska :  Bull.  U.  S.  Oool.  Survey  No.  374,  1000. 

'Mofflt,  Fred  II.,  and  Knopf,  Adolph.  Mineral  rosourcea  of  the  Nabeana- White  district, 
Alaska:  Bull.  U.  S.  Geol.  Survey  No.  417,  1910. 
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erals  are  far  more  common  in  the  greenstone  than  in  the  limestone, 
but  the  largest  deposits  that  have  been  discovered  up  to  the  present 
are  in  limestone.  Most  of  the  deposits  in  limestone  are  near  the  base 
of  the  Chitistone  formation,  yet  there  are  a  few  notable  exceptions 
to  this  general  rule.  On  the  other  hand,  the  attempt  to  show  that 
deposits  in  the  greenstone  are  most  apt  to  occur  near  or  at  the  lime- 
stone-greenstone contact  was  not  successful,  and  the  field  evidence 
seems  to  indicate  that  copper  occurs  in  nearly  all  parts  of  the  forma- 
tion and  that  the  location  of  ore  bodies  is  dependent  only  on  favor- 
able conditions  of  supply  or  for  deposition. 

OOPPSX  BXTLPKIDE  DEPOBITB  IN  OBEEKBTOVE  AlTD  LUCEBTONE. 

Although  this  part  of  this  paper  is  intended  to  deal  only  with  the 
copper  prospects  of  the  Nizina  district,  it  is  necessary  in  the  descrip- 
tion of  the  ores  to  consider  the  district  in  its  relation  to  the  rest  of 
the  Chitina  region.  The  best  examples  of  copper  sulphides  in  green- 
stone are  not  found  within  the  region  under  consideration  but  to 
the  west  of  it.  The  copper  minerals  are  bornite,  chalcopyrite,  and 
chalcocite,  with  secondary  alteration  products,  and  they  occur  (1) 
in  irregularly  shaped  ore  bodies  without  any  conspicuous  amount  of 
associated  gangue  minerals  or  (2)  as  well-defined  veins  accom- 
panied by  a  gangue  of  calcite  and  quartz.  Ore  bodies  of  the  first 
kind  occur  in  shear  zones  or  in  jointed  or  shattered  portions  of  the 
rock.  The  copper  minerals  fill  fractures  in  the  rock,  or  more  com- 
monly they  replace  the  rock  itself.  Bornite  and  chalcopyrite  are  of 
more  common  occurrence  than  chalcocite,  yet  some  of  the  most  prom- 
ising ore  bodies  in  the  greenstone  consist  chiefly  of  chalcocite. 

A  careful  examination  of  the  many  copper  prospects  leads  to  the 
belief  that  most  of  the  ore  bodies  are  of  the  ''  bunch  deposit ''  type 
and  are  a  roi)lacement  of  the  greenstone  by  copper  minerals  carried 
in  solutions  that  circulated  along  fracture  planes  produced  by  joint- 
ing, shearing,  or  faulting  of  the  country  rock.  The  mineralized  parts 
of  the  greenstone  are  without  definite  boundaries  in  many  places, 
and  the  ore  grades  from  solid  sulphides  to  disseminated  grains  or 
particles  scattered  through  the  greenstone,  which  grow  fewer  and 
fewer  as  distance  from  the  fractures  increases  till  they  disappear 
altogether.  Sections  of  ore  examined  under  the  microscope  show  that 
the  two  sulphides  bornite  and  chalcopyrite  are  closely  associated 
and  are  intermingled  in  such  a  way  as  to  suggest  thaj,  they  were 
deposited  at  the  same  time.  Chalcopyrite  is  practically  always  pres- 
ent, even  in  ore  that  appears  to  the  naked  eye  as  pure  bornite.  Chal- 
cocite accompanies  the  bornite  and  chalcopyrite  in  some  specimens, 
and  the  association  is  such  as  to  suggest  that  the  chalcocite  was 
derived  from  the  poorer  sulphides,  but  this  was  not  definitely  proved. 
A  few  of  the  deposits  in  greenstone  consist  entirely  of  chalcocite. 
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The  vein  deposits  accompanied  by  gangue  minerals  are  associated 
with  well-defined  faults  in  all  the  best  examples.  The  copper  min- 
erals are  bornite  and  chalcopyrite,  and  the  gangue  is  chiefly  calcite 
accompanied  by  quartz.  Epidote  is  commonly  present  also.  The 
veins  pinch  and  swell  markedly  in  short  distances  and  in  all  the 
localities  where  they  were  examined  have  been  subjected  to  faulting 
or  other  movement  since  their  deposition. 

Copper  deposits  in  limestone  were  formed  by  replacement  of  the 
limestone  as  a  whole  by  copper  minerals  in  solutions  circulating 
along  fracture  planes  such  as  faults,  shear  zones,  or  joints.  The  cop- 
per minerals  are  chalcocite  and  bornite,  accompanied  by  malachite, 
azurite,  and  in  places  covellite  as  alteration  products.  As  a  rule, 
the  boundary  between  ore  and  country  rock  is  distinct,  although  the 
form  of  the  ore  body  itself  may  be  very  irregular.  This  is  particu- 
larly true  where  the  copper  mineral  is  chalcocite.  In  deposits  of 
bornite  in  limestone  a  dissemination  of  the  copper  mineral  through 
the  adjacent  country  rock  was  noticed,  and  in  such  examples  there 
is  a  gradation  from  ore  to  country  rock  similar  to  that  in  the  green- 
stone deposits.  One  of  the  best  examples  of  this  kind  shows  a  large 
proportion  of  chalcocite  associated  with  the  bornite,  and  the  deposi- 
tion of  the  copper  was  accompanied  by  a  thorough  silicification  of 
the  limestone.  Large  masses  of  chalcocite  like  that  of  the  Bonanza 
property  are  distinctly  replacement  deposits  in  fracture  zones.  No 
fragments  of  limestone  are  included  in  the  body  of  the  ore,  although 
isolated  masses  of  chalcocite  are  scattered  through  the  limestone. 
The  ores  are  most  frequent  near  the  limestone-greenstone  contact,  yet 
some  of  them  must  be  fully  1,000  feet  above  the  base  of  the  lime- 
stone. It  is  a  notable  fact  that  azurite  is  far  more  common  as  a 
secondary  oxidation  product  in  the  limestone  replacement  deposits 
than  malachite  and  that  it  is  not  common  in  the  deposits  in  green- 
stone. Small  veins  of  azurite  with  cores  of  chalcocite  show  distinctlv 
that  the  azurite  in  the  Bonanza  mine  was  produced  by  the  alteration 
of  chalcocite.     Covellite  originated  in  a  similar  manner. 

KATZYE  COPPER  ASSOCIATED  WITH   THE  OREEKSTOKE. 

Native  copper  is  associated  with  amygdaloidal  phases  of  the  Nikolai 
greenstone  and  is  also  found  accompanied  by  quartz  or  by  quartz  and 
epidote  in  veins  cutting  the  greenstone.  Most  commonly  it  occurs  as 
grains  and  small  slugs  in  the  amygdules  and  disseminated  through 
tlie  greenstone  and  as  films  or  leaves  and  small  veinlets  cutting  the 
greenstone.  Tabular  masses  deposited  in  joint  planes  without  much 
doubt  indicate  the  way  in  which  the  large  masses  of  native  copper 
and  the  copper  nuggets  in  the  Dan  and  Chititu  placers  were  formed. 
Such  masses  found  in  place  on  the  head  of  White  River  are  believed 
to  have  resulted  from  the  alteration  of  chalcocite.    In  a  few  places 
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in  the  tributary  valleys  of  the  Chitistone  and  Kotsina  rivers  native 
copper  occurs  in  amygdaloidal  greenstone  in  association  with  a  mix- 
ture of  copper  oxide  and  carbonaceous  matter,  filling  vesicles  and 
fractures  in  the  lavas.  Such  native  copper  as  is  known  in  the  Nizina 
district  is  probably  due  to  the  reduction  of  previously  formed  sul- 
phides or  oxides,  yet  primary  native  copper  is  known  on  the  head  of 
White  River.  There  is  a  strong  similarity  between  the  native  copper- 
bearing  greenstone  of  Chitina  Valley  and  the  amygdaloidal  copper 
ores  of  Lake  Superior.  Specimens  from  the  two  regions  could  be 
selected  between  which  it  is  doubtful  if  close  observation  could  distin- 
guish. This  similarity  would  also  extend  to  the  disseminated  sul- 
phide ores  in  greenstone  if  by  any  means  the  sulphides  could  be 
altered  to  native  copper. 

PLAOEB  COPPER. 

Native  copper  is  associated  with  silver  and  gold  in  the  gravels  of 
Chititu  and  Dan  creeks.  It  occurs  in  pieces  that  range  in  size  from 
fine  shot  to  masses  weighing  several  hundred  pounds.  Two  or  three 
tubs  of  fine  copper  are  secured  at  each  "  clean-up  "  of  the  sluice  boxes 
on  Chititu  Creek  and  give  much  difficulty  in  cleaning  the  gold,  since 
the  finest  of  the  copper  has  to  be  removed  by  hand.  Many  of  the 
nuggets  contain  native  silver,  which  shows  that  the  copper  and  silver 
are  here  closely  associated  in  origin.  The  remarkable  similarity  in 
form  and  appearance  between  the  copper  nuggets  of  the  Nizina  dis- . 
trict  and  the  larger  masses  of  copper  taken  from  the  stamp  mills  of 
the  Lake  Superior  region  is  evident  to  anyone  who  compai*es  the 
two,  since  the  chief  differences  are  that  the  placer  copper  has  a  slightly 
smoother  surface  and  an  oxidized  coating.  The  copper  and  silver 
are  derived  wholly  or  in  part  from  the  greenstone.  Assays  of  chal- 
cocite  from  the  Bonanza  mine  and  from  other  copper  ores  of  the 
Nizina  district  have  shown  the  presence  of  both  silver  and  gold  in  the 
copper  deposits.  Small  particles  of  native  silver  were  found  in  a 
freshly  broken  specimen  of  greenstone  from  a  bowlder  on  Chititu 
Creek,  and  an  assay  of  the  rock  also  showed  its  presence.  The  silver 
was  associated  with  calcite  in  small  fractures.  Silver  nuggets  up  to 
7  pounds  in  weight  have  been  found  on  Dan  and  Chititu  creeks, 
but  where  silver  is  associated  with  copper  in  the  same  nugget  copper 
predominates,  and  in  general  silver  is  seen  only  as  small  particles 
in  the  copper.  Copper  is  found  only  in  those  tributaries  of  Dan  and 
Chititu  creeks  where  greenstone  pebbles  and  bowlders  form  part  of 
the  stream  gravels:  consequently  it  occurs  only  where  the  gravels 
have  been  formed  in  pai*t  by  streams  flowing  through  greenstone 
areas  or  where  there  is  a  foreign  element  in  the  gravels  that  was 
derived  from  a  greenstone  area  and  brought  to  its  present  position 
by  glacial  ice. 
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ORIGIN  OF  THE  COPPER  DEPOSITS. 

It  is  not  yet  possible  to  give  a  satisfactory  account  of  the  origin 
of  the  copper  deposits,  but  some  features  of  their  history  can  be 
stated  with  a  considerable  degree  of  certainty,  and  it  is  desirable 
to  do  this,  since  it  may  be  of  value  in  future  development  work.  A 
history  of  the  present  deposits  is  concerned  chiefly  with  three  prob- 
lems— the  source  of  the  copper  minerals,  the  manner  in  which  they 
were  brought  to  their  present  position  and  deposited,  and  the  changes 
that  have  taken  place  in  them  since  they  were  deposited. 

It  is  believed  that  the  source  of  the  copper  is  within  the  Nikolai 
greenstone  itself  and  that  only  a  very  small  part,  if  any,  is  derived 
from  an  outside  source.  The  chief  argument  in  favor  of  this  view 
is  the  widespread  and  almost  universal  occurrence  of  copper  miner- 
als in  the  greenstone  wherever  it  is  exposed.  This  is  seen  in  hun- 
dreds of  places  in  all  parts  of  the  formation,  from  the  west  end  of  the 
Chitina  Valley  to  Nizina  River  and  the  upper  Chitina.  Wherever 
fractures  in  the  greenstone  have  permitted  water  to  circulate  the 
green  copper  stain  is  apt  to  be  found.  Probably  the  copper  was 
originally  present  in  the  form  of  sulphide  in  the  lava  flows,  but 
this  does  not  exclude  the  possibility  of  its  also  having  been  combined 
in  other  minerals  of  the  rock.  Pyrite  and  chalcopyrite  are  of  com- 
mon occurrence  in  the  greenstone,  as  is  proved  by  both  the  hand 
specimens  and  the  thin  sections  examined  under  the  microscope. 
This  source  is  believed  to  be  adequate  for  supplying  all  the  copper 
concentrated  in  the  present  ore  bodies. 

.  An  examination  of  the  greenstone  in  many  places  has  shown  that 
considerable  chemical  alteration  in  its  constituent  minerals  is  uni- 
versal. No  fresh  and  unaltered  specimens  of  the  rock  were  found. 
Alteration  began  first  and  is  greatest  in  the  pyroxene,  and  in  many 
places  this  alteration  is  complete,  ho  that  there  now  remains  only  a 
mass  of  chloritic  or  serpentinous  material.  The  feldspar  has  suf- 
fered less,  yet  the  changes  are  advanced.  Opaque  masses  of  brown 
iron  oxide  appear  to  represent  original  grains  or  crystals  of  pyrite 
or  chalcopyrite.  These  changes  have  resulted  in  the  production  of 
chloritic  and  possibly  serpentinous  material,  calcite,  quartz,  and/ 
delessite.  In  places  zeolites  as  thomsonite  have  been  produced,  but 
they  are  comparatively  rare  in  the  Nizina  district  and  the  region  to 
the  west,  although  they  are  abundant  in  amygdaloids  of  the  ^Vliite 
River  region. 

Changes  of  the  kind  mentioned  are  usually  considered  to  be 
accomplished  through  the  agency  of  circulating  water.  Chemical 
changes  in  tlie  minerals  of  the  basalts  were  made  possible  by  the 
presence  of  water  and  the  substances  carried  in  solution.  By  the 
same  means  copper  minerals  were  taken  into  solution  and  redeposited 
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under  favorable  conditions.  It  is  a  noteworthy  fact  that  the  Wran- 
gell  Mountain  region  has  beefi  one  of  volcanic  activity  since  Car- 
boniferous time  at  least,  and,  although  it  has  not  been  possible  to 
establish  a  direct  relation  between  the  copper  deposits  and  any 
igneous  rocks  of  later  age  than  the  Nikolai  greenstone,  it  is  not 
unreasonable  to  suppose  that  the  presence  of  heated  rocks  in  the  near 
vicinity  may  have  had  an  important  influence  in  promoting  circula- 
tion in  the  greenstone  and  particularly  in  increasing  the  solvent 
power  of  the  circulating  water. 

As  to  the  manner  of  deposition,  it  is  believed  that  the  copper  taken 
into  solution  by  circulating  water  was  carried  into  trunk  channels 
and  deposited  there  when  the  conditions  were  favorable.  Specula- 
tions as  to  the  exact  chemical  changes  that  took  place  are  of  very 
doubtful  value  with  the  present  knowledge  of  the  facts  and  will  not 
be  attempted.  Most  frequently  deposition  took  place  in  the  green- 
stone formation,  but  at  times  the  copper-bearing  waters  passed  out- 
side the  greenstone  and  into  the  overlying  limestone  before  giving 
up  their  mineral  load.  As  a  rule,  the  ore  bodies  were  not  formed  by 
the  deposition  of  copper  minerals  in  open  cavities,  although  openings 
suflScient  to  permit  a  circulation  of  water  were  necessarily  present. 
Most  of  the  ore  is  a  replacement  of  the  country  rock  itself  by  copper 
sulphides.  The  replacement  of  greenstone  is  more  nearly  complete 
adjacent  to  the  openings  through  which  water  passed  and  grows  less 
and  less  as  the  distance  from  the  openings  increases.  On  the  other 
hand,  most  of  the  limestone  ores  show  a  complete  replacement  of 
the  limestone  without  any  outside  zone  of  disseminated  sulphides. 

Examination  with  the  microscope  has  shown  that  bornite  and 
K  chalcopyrite  are  usually  associated  in  the  greenstone  deposits,  even 
in  bornite  ores  that  show  no  chalcopyrite  to  the  unaided  eye.  This 
fact,  together  with  the  manner  in  which  chalcopyrite  is  scattered 
through  the  bornite,  might  be  taken  as  presumptive  evidence  that 
the  bornite  was  derived  from  chalcopyrite  and  is  a  secondary  enrich- 
ment. This  fact  alone  does  not  amount  to  proof,  but  the  seeming 
increase  in  chalcopyrite  as  depth  is  gained  in  some  of  the  bornite- 
chalcopyrite  veins,  such  as  the  Nikolai  vein,  lends  some  weight  to  the 
presumption.  The  presence  of  native  copper  associated  with  chalco- 
cite  and  bornite  also  points  to  the  same  conclusion,  since  native  copper 
is  usually  regarded  as  of  secondary  origin.  On  the  other  hand,  no 
evidence  was  found  in  the  chalcocite  deposits  in  limestone,  such  as 
that  of  the  Bonanza  mine,  to  indicate  that  the  ore  body  has  ever  been 
anything  other  than  what  it  is  at  present.  The  copper  sulphide 
appears  to  have  been  deposited  as  such,  and  a  careful  examination 
of  the  ore  has  failed  to  discover  the  presence  of  other  minerals  than 
T  those  produced  by  alteration  of  the  chalcocite.  It  is  doubtful  if  sec- 
ondary enriched  ores  could  form  under  the  conditions  now  prevailing 
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at  the  Bonanza  mine,  since  all  openings  such  as  are  due  to  joints  and 
other  fractures  are  filled  with  ice,  as  is  also  the  loose  talus  material 
below  the  mine  on  both  sides  of  the  ridge.  Furthermore,  the  break- 
ing down  of  the  ore  and  of  the  limestone  inclosing  the  ore  body 
under  the  climatic  conditions  of  this  region  proceeds  faster  than  ^ 
oxidation.  The  exposed  ore  on  the  ridge  and  loose  broken-down  ore 
on  the  talus  slopes  show  only  a  thin  film  of  oxidized  material  on 
the  surface.  Yet  thin  veins  of  chalcocite  in  the  limestone  and  even 
large  masses  of  chalcocite  have  been  almost  completely  altered  to 
azurite,  which  shows  that  oxidation  has  tal^en  place  either  under 
present  conditions  or,  more  probably,  under  earlier  and  more  favor- 
able conditions,  possibly  before  the  late  ice  advance.  ' 

The  ore  of  the  Westover  claim,  on  Dan  Creek,  is  an  intimate 
mixture  of  chalcocite  and  bomite  in  silicified  limestone  along  a  frac- 
ture zone.  The  copper  and  copper-iron  sulphides  are  disseminated 
through  the  rock  in  small  grains  and  in  veinlets  cutting  the  rock. 
Most  of  the  disseminated  grains  are  chalcocite,  but  the  veinlets  and 
the  larger  irregular  masses  are  a  mixture  of  chalcocite  and  bomite. 
The  veinlets  are  later  than  the  quartz  inclosing  them  and  pos- 
sibly later  than  the  disseminated  grains  in  the  quartz,  yet  the 
minerals  of  the  veinlets  appear  to  be  contemporaneous.  These 
examples  show  how  unsatisfactory  is  the  evidence  concerning  the 
nature  of  the  deposits,  but  they  have  some  importance  in  that  they 
do  not  promise  greater  richness  in  copper  as  the  ores  are  followed 
below  the  surface.  This  point  is  emphasized  because  of  the  belief 
on  the  part  of  many  prospectors  in  the  Chitina  region  that  the  de- 
posits will  grow  richer  as  they  are  more  fully  developed.  The  con- 
trary is  more  likely  to  be  true,  for  although  they  may  continue  with 
their  present  richness  thev  are  more  apt  to  grow  poorer  than  to 
grow  richer. 

DESCRIPTION  OF  PROPERTIES. 
PRIKCIPAL  GROUPS. 

The  better-known  copper  properties  of  the  Nizina  district  may  be 
divided  into  three  groups — first,  the  group  in  the  vicinity  of  Bonanza 
Peak,  including  the  Bonanza  mine,  the  Jumbo,  the  Erie,  and  the 
Independence  claims,  together  with  the  properties  known  as  the  Mar- 
vellous and  Bonanza  extension  claims;  second,  the  Nikolai  Creek 
group;  and,  third,  the  group  that  includes  the  Westover  claim  and 
other  neighboring  claims  north  of  Dan  Creek.  Many  other  claims 
have  been  staked,  particularly  along  the  limestone-greenstone  contact, 
but  there  has  been  little  development  work  done  on  them  and  they  con- 
tribute little  to  our  knowledge  of  the  copper  deposits  of  the  district. 
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BOKAHZA  MIME. 

The  Bonanza  mine  is  the  most  valuable «  copper  property  now 
known  in  the  Copper  River  region.  It  is  situated  on  the  east  side  of 
Kennicott  Glacier,  at  the  head  of  Bonanza  Creek,  and  is  the  property 
of  the  Kennicott  Mines  Company.  Bonanza  Creek  proper  and  its 
western  fork  head  in  a  glacial  cirque  basin  on  the  west  side  of  the 
high  divide  between  Kennicott  Glacier  and  McCarthy  Creek.  Its 
two  forks  include  the  high  ridge  on  which  the  copper  deposit  is 
situated.  The  stream  is  about  3  miles  long  and  flows  in  a  south- 
westerly direction  to  the  Kennicott  Glacier.  A  post-office  called 
Kennicott'  has  been  established  at  the  mouth  of  National  Creek, 
half  a  mile  south  of  the  mouth  of  Bonanza  Creek  and  4  miles  from 
the  mine,  and  the  company's  main  camp  and  office  are  located  at  that 
place.  A  wagon  road  leads  from  the  mouth  of  National  Creek  to 
n  point  about  500  feet  below  the  mine  and  another  follows  the  edge 
of  the  glacier  south  to  McCarthy  Creek.  An  aerial  tram  with  a 
capacity  of  100  tons  per  day  has  been  constructed  and  loading  and 
delivery  stations  have  been  built,  so  that  the  mine  is  now  practically 
ready  to  begin  the  production  of  ore,  although  the  storage  bunkers 
are  not  completed  and  no  ore  can  be  shipped  till  the  railroad  reaches 
Kennicott. 

An  examination  of  the  geologic  map  (PI.  Ill,  in  pocket)  will 
make  clear  the  general  geologic  conditions.  South  of  National  Creek 
the  high  ridge  between  the  glacier  and  McCarthy  Creek  consists  of 
black  Kennicott  shale  intruded  by  large  masses  of  light-gray  por- 
phyry. The  Jurassic  shales  and  intrusivos  are  separated  by  an  un- 
conformity and  probably  also  by  a  fault  from  the  greenstone  and  the 
overlying  Chitistone  limestone  on  the  north.  North  of  National 
Creek  the  greenstone  and  limestone  appear.  The  strike  of  the  lime- 
stone is  northwest  and  southeast,  and  its  dip  averages  between  25° 
and  35°  NE.  It  therefore  cuts  diagonally  across  the  main  ridgo 
from  McCarthy  Creek  to  the  glacier.  Still  farther  northeast  the 
Triassic  shales  overlying  the  limestone  appear,  but  are  not  of  any 
importance  in  connection  with  the  copper. 

The  Bonanza  mine  is  situated  on  a  spur  that  runs  out  to  the  south- 
west between  the  forks  of  Bonanza  Creek  from  the  main  ridse.  This 
spur  is  crossed  by  the  limestone-greenstone  contact  at  a  point  about 
one-third  of  a  mile  from  the  main  ridge.  Where  the  boundary 
crosses  the  crest  of  this  spur  it  has  an  elevation  of  (J.OOO  feet  above 
sea  level  or  4.000  feet  above  the  point  at  the  mouth  of  National  Creek 
where  the   tramway  will  deliver  ore.     On  the  northeast    the  spur 

•Since  the  Bonanza  mine  was  visitod  in  1007  mucli  work  lias  bcon  done  toward  surface 
development  and  equipment  of  tlie  mine  for  shipping  ore,  but  worli  on  the  ore  body  itself 
has  not  been  such  as  to  add  preatly  to  the  knowledj^e  of  the  deposit.  For  this  reason  the 
description  here  given  is  based  largely  on  the  previous  description  published  in  I^ull.  I'.  S. 
Geol.  Survey  Xo.  374. 
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rises  rapidly  till  1,000  feet  in  elevation  is  gained,  but  on  the  south- 
west its  crest  is  almost  horizontal  for  a  distance  of  about  one-third 
of  a  mile,  beyond  which  it  slopes  away  steeply  to  the  forks  of  Bo- 
nanza Creek  (PI.  XII). 

The  greenstone  immediately  below  the  ore  body  is  variable  in 
texture  and  general  appearance.  Part  of  it  is  amygdaloidal ;  por- 
phyritic  phases  are  also  present.  Amygdules  are  not  confined  to  the 
top  of  the  flows  but  are  present  throughout  from  bottom  to  top.  In 
some  places  they  have  been  dissolved  out  on  exposed  surfaces,  leaving 
a  vesicular  rock  that  looks  like  a  recent  lava.  A  bed  of  red  and  green 
shale  having  a  thickness  of  about  5  feet  intervenes  between  the  green- 
stone and  the  overlying  limestone.  This  shale  forms  a  narrow  north- 
ward-sloping bench  for  a  short  distance  along  the  northwest  side  of 
the  ridge,  but  is  everywhere  covered  with  talus  and  is  found  only 
when  the  debris  has  been  cleared  away.  The  bench  is  clearly  indi- 
cated by  the  snow  banks  in  Plate  XII.  The  base  of  the  lime- 
stone consists  of  not  less  than  40  feet  of  coarse  gray,  slightly  argil- ' 
laceous  rock,  whose  broken  surfaces  are  covered  in  many  places  with 
flattened  cylindrical  bodies  that  immediately  suggest  organic  material 
of  some  kind.  Several  specimens  of  these  bodies  were  submitted  to 
Dr.  T.  W.  Stanton,  who  says  that  they  arc  probably  corals  but  are 
too  obscure  for  identification.  Over  this  basal  limestone  is  a  bed  a 
few  feet  thick  of  impure  shaly  limestone,  and  this  in  turn  is  over- 
lain by  dark  and  light-gray  massive  beds  which  carry  the  ore  bodies. 
The  limestone  dip  at  the  mine  is  slightly  variable  but  averages  about 
22°  NE. 

The  limestone  is  broken  by  numerous  faults  and  fracture  planes, 
the  most  prominent  of  which  are  nearly  perpendicular  and  range  in 
strike  from  N.  40°  E.  to  N.  70°  E.  A  minor  set  of  fault  planes  with 
about  the  same  strike  dips  steeply  to  the  west.  Another  set  runs  in 
a  northwesterly  direction,  and  in  several  places  striations  on  slicken- 
sided  surfaces  or  clay  seams  show  that  the  movement  was  horizontal. 
Fault  planes  with  low  dips,  some  of  them  nearly  horizontal,  are  also 
present.  None  of  the  faults  observed  give  evidence  of  much  displace- 
ment, but  together  with  the  numerous  joints  they  afforded  an  oppor- 
tunity for  mineral-bearing  waters  to  enter  the  limestone.  The  prin- 
cipal fault  planes — those  running  from  northeast  to  southwest — form 
what  may  be  described  as  a  sheeted  zone  in  the  limestone  that  was 
traced  north-northeast  from  the  Bonanza  mine  for  1^  miles.  This 
zone  has  a  width  of  50  or  60  feet  and  extends  through  the  shale  bed 
into  the  greenstone  below,  but  is  less  noticeable  in  the  greenstone 
than  in  the  limestone.  A  vertical  displacement  of  2  feet  occurs  in  the 
limestone-greenstone  contact  along  one  of  the  fault  planes  in  the 
shear  zone  and  is  the  maximum  displacement  observed. 
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The  copper  ore  is  chalcocito.  Considerable  azurite  has  been  formed 
by  oxidation  of  the  chalcocite,  and  covellite  is  reported  also.  Covel- 
lite  was  not  found  in  the  specimens  of  ore  collected  from  the  Bonanza 
mine  by  the  writers,  but  good  specimens  of  covellite  were  collected 
from  the  Marvellous  claim  half  a  mile  to  the  northeast,  and  its  occur- 
rence at  the  Bonanza  is  not  questioned.  The  chalcocite  is  in  veins 
or  tabular  masses  of  solid  ore  up  to  5  or  6  feet  in  thickness,  in  large 
irregularly  shaped  bodies,  and  in  stockworks  in  the  brecciated  lime- 
stone. Two  principal  veins  of  chalcocite  are  seen  on  the  surface- 
They  stand  almost  perpendicularly,  12  to  15  feet  apart,  and  strike 
N.  41°  E.,  forming  the  comb  of  the  sharp  ridge  but  crossing  it  at  a 
slight  angle,  as  the  ridge  at  this  place  has  a  more  nearly  north-south 
direction  than  the  veins.  On  the  surface  the  veins  do  not  extend 
down  into  the  lower  impure  part  of  the  limestone  but  end  abruptly 
on  reaching  it.  In  places  the  precipitous  northwest  face  of  the  ridge 
is  plastered  over  with  masses  of  solid  chalcocite  for  a  distance  of  50 
or  60  feet  vertically  below  the  top. 

Azurite  appears  on  the  surface  of  the  chalcocite  and  also  as  a  lining 
of  small  vugs  in  the  chalcocite,  but  it  is  present  chiefly  as  thin  veins, 
that  form  a  network  in  the  limestone  and  are  doubtless  due  to  the 
alteration  of  original  chalcocite  veins,  for  some  of  the  azurite  has  an 
inner  core  of  chalcocite.  Azurite  is  more  conspicuous  than  chalcocite 
in  the  surface  network  of  veins  in  the  northern  150  feet  of  the  ore 
body,  but  chalcocite  forms  the  great  mass  of  the  remainder.  The  ore 
bodies  formed  along  the  northeast-southwest  faults  of  the  northern 
part  of  the  deposit  are  not  the  direct  continuation  of  the  large  chalco- 
cite veins  at  the  south,  but  lie  in  nearly  parallel  veins  which  cut  the 
ridge  at  a  greater  angle,  their  strike  being  about  N.  60°  to  70°  E. 
The  very  rich  ore  can  be  traced  on  the  surface  for  a  distance  of  about 
250  feet.  It  ends  abruptly  on  the  south  in  a  nearly  vertical  limestone 
wall,  but  on  the  north  gives  place  to  the  lower-grade  ores,  consisting 
of  small  veins  of  azurite  and  chalcocite  with  scattered  masses  of 
chalcocite,  some  of  them  weighing  several  tons.  This  lower-grade  ore 
shows  on  the  surface  for  a  distance  of  at  least  150  feet  northeast  from 
the  high-grade  ores,  and  small  ^scattered  azurite  veins  extend  still 
farther  in  that  direction.  The  ore,  as  it  shows  on  the  surface,  there- 
fore, extends  northeast  and  southwest  along  the  strike  for  a  distance 
of  400  feet.  The  thickness,  however,  is  more  indefinite,  but  the  verj' 
rich  ore,  with  its  included  limestone,  as  seen  at  the  surface,  has  a  width 
of  approximately  25  feet,  although  the  thickness  of  ore  sufficiently 
rich  to  be  mined  may  be  greater. 

A  little  chalcocite  and  less  bomite  are  found  in  some  of  the  shearing 
planes  in  the  greenstone,  but  they  do  not  extend  far  into  the  green- 
stone. The  quantity  is  small  and  inconspicuous  and  might  readily 
pass  unobserved.    A  small  amount  of  epidote  is  associated  with  it  in 


places.  The  main  shear  zone  in  the  greenstone  cuts  an  older  set  of 
quartz-epidote  veins  whose  direction  is  about  north-northwest.  These 
veins  do  not  intersect  the  limestone.     They  reach  a  maximum  thick- 
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ness  of  1  foot  and  carry  small  amounts  of  chalcocite,  bornite,  and 
native  copper. 

AVhen  the  Bonanza  mine  was  visited  in  1907  two  crosscuts  (fig.  5) 
had  been  driven  in  the  ore  budy  in  a  direction  N.  .3!!°  W.     They  are 


88 


THE   NIZINA  mSTBICT,  ALASKA. 


therefore  not  exactly  perpendicular  to  it.  The  longer  tunnel  starts 
on  the  east  side  of  the  ridge  and  75  feet  below  its  top ;  it  is  180  feet  in 
length  and  extends  through  to  the  west  side  of  the  ridge.  The  richest 
ore,  consisting  of  large  masses  of  chalcocite  with  some  included  lime- 
stone, is  encountered  at  a  distance  of  90  feet  from  the  tunnel's  mouth 
and  continues  for  a  distance  of  21^  feet  as  measured  in  the  roof. 
There  are  smaller  bodies  of  chalcocite,  however,  for  a  distance  of  10 
or  15  feet  on  either  side  of  the  main  ore  body.  About  115  feet  from 
the  entrance  to  the  tunnel  a  winze  33  feet  deep  was  sunk  in  the 
ore,  and  from  the  bottom  a  drift  zigzags  northward  approximately 
110  feet. 

In  1909  a  new  tunnel  had  been  driven  below  this  longer  tunnel 
from  the  southeast  side  of  the  ridge  and  connected  by  a  raise  with 
the  winze.  The  new  tunnel  is  78  feet  below  the  upper  one  and 
parallel  with  it.     In  July,  1909,  it  had  been  driven  45  feet  beyond 
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Figure  6. — Sketch  showiDg  form  of  ore  body  exposed  In  the  upper  northern  tunnel  at  the 

Bonanza  mine. 

the  raise  but  had  not  encountered  any  ore  bodies  as  large  as  those 
of  the  upper  tunnels.  Several  small  lenses  of  chalcocite,  the  largest 
about  18  inches  thick,  were  exposed  in  the  tunnel  itself,  but  the  raise 
showed  much  more,  for  it  cut  the  large  body  in  which  the  winze 
was  sunk.  The  absence  of  the  large  chalcocite  bodies  in  the  lower 
tunnel  adds  some  weight  to  the  opinion  expressed  after  the  visit  of 
1907  that  the  ore  would  probably  not  extend  into  the  basal  impure 
limestone  beds. 

About  120  feet  southwest  of  this  tunnel  is  a  parallel  tunnel  driven 
from  the  west  side  of  the  ridge  and  50  feet  lower  than  the  little  saddle 
above  it  on  the  north.  This  tunnel  starts  in  a  face  of  solid  chalco- 
cite and  extends  S.  33°  E.  for  50  feet.  The  ore,  which  is  chalcocite 
with  a  small  amount  of  azurite,  is  exposed  for  34  feet  along  the  tun- 
nel, but  is  interrupted  by  horses  of  limestone.  The  remainder  of 
the  tunnel  shows  limestone  cut  by  small  azurite  veins  and  in  places 
containing  a  small  amount  of  chalcocite 
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A  better  conception  of  the  form  of  the  ore  bodies  can  be  obtained 
by  an  examination  of  figures  5,  6,  and  7  than  can  be  given  in  a 
written  description.  The  two  main  parallel  surface  veins  afford 
only  an  imperfect  idea  of  the  deposit.  Those  two  veins  represent  a 
total  replacement  of  limestone  along  minor  zones/  where  shearing 
was  most  intense.  The  two  tunnels  show  that  not  only  is  the  lime- 
stone replaced  along  the  main  shear  zone  but  that  mineralized  waters 
followed  minor  fracture  planes  also,  and  thus  yielded  the  low-lying 
ore  bodies  and  great  irregular  masses  seen  underground.  Between 
and  around  the  large  masses  of  chalcocite  the  limestone  was  shattered 
nnd  filled  with  many  small  veins  of  ore,  which  formed  a  stockwork 
that  is  most  noticeable  in  the  winze  tunnel  and  on  the  surface  north- 
east of  the  main  ore  body.  As  a  rule,  the  brittle  chalcocite  is  very 
little  fractured.  The  limestone,  on  the  other  hand,  is  greatly  shat- 
tered and  is  filled  with  thin  veins  of  calcite  which  are  older  than 
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Figure   7. — Sketch   showing  form   of  ore  body  exposed   In  the  southern   tunnel  at  the 

Bonanza  mine. 

the  ore  deposition.  Open  cavities  in  the  fractured  limestone  have 
been  filled  with  ice,  and  both  the  country  rock  and  the  talus  on  either 
side  of  this  ridge,  except  for  a  few  feet  at  the  surface,  are  frozen 
all  summer.  The  talus  slopes  below  the  ore  body  contain  a  large 
quantity  of  chalcocite  resulting  from  weathering  of  the  veins  above 
and  are  a  valuable  source  of  copper. 

It  is  a  suggestive  fact  that,  although  the  main  shear  zone  of  the 
Bonanza  mine  extends  from  the  limestone  through  the  thin  shale 
bed  into  the  greenstone  below,  the  large  chalcocite  bodies,  so  far  as 
can  be  determined  on  the  surface,  end  abruptly  at  the  top  of  the  im- 
pure shaly  beds  forming  the  lower  50  or  60  feet  of  the  limestone. 
Copper  minerals  are  associated  with  the  shear  zone  in  the  greenstone, 
but  only  in  small  amount.  Apparently  the  impure  thin-bedded  part 
of  the  limestone  was  a  less  favorable  place  for  deposition  than  the 
purer  massive  beds  above.  This  fact  has  a  practical  bearing  on  the 
quantity  of  ore  present,  for  it  is  evident  that  if  the  same  condition 
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continues  underground  it  limits  the  downward  extension  of  chal- 
cocite  in  the  limestone.  The  continuation  of  the  ore  body  to  the  north- 
east  will  probably  be  limited  chiefly  by  the  continuation  of  favorable 
conditions  for  deposition  iii  the  shear  zone  in  that  direction.  The 
exact  conditions  which  determined  the  deposition  of  the  Bonanza 
ore  body  are  not  known;  possibly  it  was  the  presence  of  a  shear 
zone  favorable  to  circulation ;  but  its  occurrence,  together  with  that 
of  the  Jumbo  and  the  Erie  chalcocite  bodies  to  the  northwest,  next 
to  be  described,  indicates  that  favorable  conditions  for  deposition 
have  been  established  in  more  than  one  place  and  offer  encouragement 
for  seeking  other  chalcocite  bodies  at  the  base  of  the  Chitistone  lime- 
stone. 

JT7KB0  OLAnC. 

From  the  Bonanza  mine  the  Chitistone  limestone  continues  north- 
westward in  a  succession  of  lofty  cliffs  as  far  as  Kennicott  Glacier. 
The  base  of  these  cliffs  is  at  the  greenstone  contact  and  in  many 
places  contains  veinlets  and  stringers  of  azurite  or  chalcocite.  In 
at  least  two  places  the  quantity  of  these  two  minerals,  especially  of 
the  chalcocite,  is  so  great  as  to  make  the  deposits  of  commercial 
importance. 

The  ore  body  of  the  Jumbo  claim  is  4,600  feet  northwest  of  the 
Bonanza,  at  the  head  of  Jumbo  Creek,  and  is  located  in  limestone 
just  above  the  greenstone-limestone  contact  on  a  small  southwestward 
projecting  spur  or  angle  of  the  limestone  cliff.  South  of  it  and  nearly 
200  feet  below  is  the  glacier  in  which  Jumbo  Creek  heads  and  which 
must  be  crossed  to  reach  the  ore  body.  The  Jiunbo  and  Bonanza  ore 
bodies  are  at  practically  the  same  elevation  above  sea  level,  approxi- 
mately 6,000  feet. 

The  limestone  at  the  Jumbo  is  made  up  near  the  base  of  slightly 
cherty  beds  ranging  in  thickness  from  8  to  12  inches.  .  The  strike 
is  N.  65°  W.,  the  dip  35°  N.  A  tunnel  12  feet  long  was  started  on  the 
south  face  of  the  ridge,  10  feet  above  the  greenstone.  Tl^e  limestone 
is  jointed  or  cut  by  minor  faults  parallel  to  the  bedding  and  is  crossed 
by  veins  of  calcite  from  1  to  2  inches  thick.  Thin  veins  of  chalcocite 
and  azurite  accompany  them  and  fill  some  of  the  fractures.  Seven 
feet  above  the  tunnel  mouth  is  the  east  end  of  a  large  chalcocite  mass 
which  is  well  exposed  on  the  axis  of  the  ridge.  As  indicated  on  the 
surface,  this  body  of  ore  is  a  mass  of  solid  chalcocite  80  feet  long, 
6  feet  by  4  feet  6  inches  at  the  west  end,  and  tapering  to  a  diameter 
of  1  foot  at  the  east  end.  It  appears  to  be  a  rudely  lenticular  or 
possibly  a  conical  body,  but  has  irregularly  shaped  protuberances,  as 
may  be  seen  at  the  west  end,  where  the  steep  west  face  or  slope  of  the 
spur  gives  a  cross  section  of  the  ore  body.    (See  fig.  8.) 

A  little  way  east  of  the  Jumbo  tunnel  is  a  second  tunnel  in  lime- 
stone a  short  distance  above  the  greenstone.    The  tunnel  runs  nearly 
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north  or  slightly  to  the  northeast  in  limestone  that  strikes  N.  65°  W. 
and  dips  25°  N.  In  the  tunnel,  which  is  12  feet  long,  the  limestone 
is  crushed  and  jointed.  Small  veins  of  calcite  and  azurite  up  to  2J 
inches  in  thickness  fill  joint  cracks,  especially  a  set  of  perpendicular 
minor  faults  or  slip  planes  running  N.  70°  W.  No  chalcocite  is  ex- 
posed in  this  tunnel,  but  it  is  believed  that  the  azurite  indicates  its 
former  presence.  Fifty  feet  below  the  tunnel  a  lenticular  vein  of 
chalcocite  3  inches  thick  at  its  widest  part  and  3  feet  long  was  found 
in  the  limestone. 


LONGITUDINAL  SECTION 


FranBB  8. — Sketch  of  thv  ore  body  at  the  Jumbo  olalm. 
ERIE  OLAIU. 

The  Erie  claim  is  the  property  of  the  Kennicott  Mines  Company 
and  is  situated  on  a  steep  mountain  slope  near  the  east  side  of  Kenni- 
cott Glacier,  33  miles  north  of  Kennicott,  at  the  mouth  of  National 
Creek.  The  discovery  point  is  a  little  more  than  1,000  feet  above  the 
nearest  point  of  the  glacier  and  is  at  the  limestone-greenstone  contact, 
which  here  strikes  N.  78°  W.  and  dips  38°  N.  Between  the  limestone 
and  the  greenstone  is  a  bed  of  greenish  shale  of  variable  thickness, 
but  ranging  from  12  to  18  inches.  There  is  also  a  very  thin  bed  of 
shale  not  more  than  1  inch  thick  in  the  limestone  8  inches  above  the 
base.  There  appears  to  have  been  movement  between  the  limestone 
and  the  greenstone  along  their  plane  of  contact,  and  they  were 
further  disturbed  by  small  faults  cutting  across  the  contact  at  high 
angles  to  the  bedding  in  such  a  way  that  at  one  place  a  wedge  of 
greenstone  projects  into  the  limestone.  The  larger  shale  bed  contains 
many  nodules  of  chalcopyrite  from  one-half  inch  to  2  inches  in 
diameter,  and  with  the  chalcopyrite  there  is  associated  more  or  less 
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bomite  in  the  larger  nodules.  Abundant  scales  of  azurite  are  scat- 
tered through  the  shale.  No  development  work  has  been  done  on  this 
claim  further  than  to  clear  away  the  debris  and  make  an  open  cut 
along  the  contact  so  as  to  expose  the  copper-bearing  shale. 

IKDEPEVDENOE   OLA2M8. 

The  Independence  group  of  claims,  belonging  to  the  Kennicott 
Mines  Company,  is  on  the  east  side  of  the  divide  that  separates  the 
head  of  Bonanza  Creek  from  McCarthy  Creek  and  is  from  900  to 
1,000  feet  lower  than  the  saddle  where  the  limestone-greenstone  con- 
tact crosses  the  ridge.  The  copper  minerals  occur  in  small  veins  that 
contain  considerable  calcite  and  belong  to  a  sheeted  zone  striking 
N.  38°  E.,  thus  crossing  the  contact  almost  at  right  angles.  This 
zone  passes  from  the  greenstone  into  the  limestone  and  has  its  great- 
est width  (about  50  feet)  at  the  contact.  The  ore  is  found  in  the 
greenstone  only  and  consists  essentially  of  chalcocite,  which  fills  frac- 
tures and  is  disseminated  through  the  greenstone.  It  is  later  than  the 
calcite  filling  of  the  sheeted  zone  and  gradually  disappears  with 
increasing  distance  from  the  zone  of  mineralization.  The  main  shear 
zone  intersects  a  system  of  quartz-epidote  veins  striking  N.  78°  E. 
and  carrying  a  small  amount  of  bomite.  There  is  a  marked  similar- 
ity between  the  occurrence  of  copper  sulphides  in  the  greenstone  at 
this  locality  and  at  the  Bonanza  mine,  but  there  is  no  chalcocite  body 
in  the  limestone  of  the  Independence  claim. 

MARVELLOUS  AND  BONANZA  EXTENSION  OLAZMS. 

The  shear  zone  in  which  the  Bonanza  ore  was  deposited  extends  in 
a  direction  about  N.  30°  E.  from  the  Bonanza  mine  for  a  distance  of 
more  than  a  mile.  It  crosses  the  saddle  between  Bonanza  Creek  and 
the  glacier  on  the  north  and  extends  to  the  high  point  of  the  ridge 
running  northeast  from  Bonanza  Peak.  It  was  not  traced  beyond 
that  point.  There  is  no  evidence  of  displacemeiit,  but  the^  is  a  shear 
zone  of  indefinite  width  made  up  of  innumerable  small  parallel  frac- 
tures filled  with  calcite  and  crossed  by  minor  fault  planes.  These 
fault  planes  are  believed  to  have  had  an  important  and  perhaps  a 
controlling  influence  in  the  deposition  of  copper. 

All  the  Bonanza  fault  northeast  of  the  Bonanza  property  is  owned 
by  the  Mother  Lode  Copper  Mines  Company  and  the  Houghton  Alaska 
Exploration  Company.  The  principal  exposures  of  copper  minerals 
are  on  the  Marvellous  claim,  where  a  number  of  short  tunnels  have 
been  driven.  The  Marvellous  claim  is  on  the  north  side  of  the  glacier 
east  of  Bonanza  Peak  and  is  about  2,800  feet  above  the  valley  of 
McCarthy  Creek. 

At  the  south  tunnel  of  the  Marvellous  the  limestone  is  cut  by 
numerous  closely  spaced  parallel  joint  or  shear  planes,  many  of  which 
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are  filled  with  calcite  and  are  conspicuous  because  they  are  lighter  in 
color  than  the  surrounding  limestone.  They  strike  N.  70°  E.  and  dip 
70°  to  80°  N.  The  tunnel  is  15  feet  under  cover  and  exposes  a  vein 
of  chalcocite  from  3  to  6  inches  wide  striking  N.  60**  W.  About  30 
feet  north  of  the  tunnel's  mouth  and  25  feet  lower  is  a  vein  of  chalco- 
cite in  calcite  that  reaches  a  maximum  thickness  of  9  inches.  It 
strikes  N.  60°  E.  and  dips  60°  to  65°  W.  The  vein  is  in  a  well- 
defined  fault  plane  and  can  be  traced  for  nearly  200  feet  from  the 
tunnePs  mouth.  In  places  it  pinches  to  a  thickness  of  1  inch  and 
carries  no  ore.  Fine  specimens  of  covellite  in  chalcocite  were  ob- 
tained from  this  locality.  There  is  a  second  parallel  vein  12  feet  to 
the  north,  but  it  is  not  so  long. 

The  main  tunnel  of  the  Marvellous  is  300  feet  northeast  of  the 
south  tunnel  and  runs  100  feet  S.  85°  W.  in  dark-gray  limestone.  The 
vein  is  a  stockwork  of  small  calcite  veins,  with  chalcocite  and  azurite 
in  crushed  limestone.  About  20  feet  from  the  face  is  a  crosscut  9  feet 
long  where  there  is  a  vertical  fissure  in  the  limestone  striking  N.  25° 
E.  The  fissure  is  filled  with  calcite  and  carries  chalcocite  and  azurite. 
It  has  a  thickness  of  6  inches.  The  limestone  is  much  discolored  by 
*u:on  oxide.  Above  the  tunnel  is  a  large  mass  of  azurite  formed  by 
the  oxidation  of  chalcocite  whose  downward  extension  the  tunnel 
was  expected  tp  strike. 

A  third  tunnel,  called  the  north  tunnel,  was  started  on  the  Mar- 
vellous claim  200  feet  northeast  of  the  main  tunnel  and  100  feet 
above  it.  The  copper  minerals  at  this  exposure  occur  along  bedding 
planes  of  the  limestone,  which  here  strikes  N.  40°  W.  and  dips  35°  E., 
and  along  fault  planes  that  cross  the  bedding.  The  faults  strike  N. 
10°  W.  and  dip  44°  E. 

NIKOLAI  CLAIM. 

■ 

The  Nikolai  claim  is  located  near  the  head  of  Nikolai  Creek,  3J 
miles  north^st  of  the  junction  of  Nikolai  and  McCarthy  creeks  and 
2,150  feet  ai)ove  it.  The  exposed  ore  body  is  situated  near  the  top 
of  the  greenstone  formation,  about  150  feet  below  the  base  of  the 
limestone,  and  is  associated  with  a  fault  which  cuts  the  limestone- 
greenstone  contact  at  this  place.  It  is  composed  mainly  of  chalcopy- 
rite  and  bornite  stained  with  oxidation  products. 

An  examination  of  figure  9  will  show  the  relation  of  the  ore  body 
to  the  associated  formations.  It  will  be  seen  that  the  limestone  and 
greenstone  beds,  which  here  strike  N.  60°  W.  and  dip  30°  NE., 
are  cut  by  a  fault  running  N.  50°  E.  and  dipping  vertically  or  high 
southeast.  This  fault  makes  an  offset  of  300  feet  in  the  limestone- 
greenstone  contact  and  has  produced  a  vertical  displacement  of  the 
l^ds  amounting  to  150  feet.  The  course  that  it  follows  in  the  lime- 
stone or  in  the  greenstone  at  a  distance  from  the  contact  is  difficult 
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limestone  and  the  Nikolai  greenstone,  but  the  ore  body  is,  so  far  as 
now  exposed,  in  the  limestone.  Most  of  the  limestone-greenstone 
contact  in  the  upper  end  of  Bowlder  Creek  valley  is  covered  by  talus 
from  the  high  limestone  cliffs  that  form  the  valley  walls,  yet  in  a 
few  places,  of  which  this  locality  is  one,  the  contact  is  exposed  for 
short  distances.  The  strike  of  the  limestone  beds  and  the  greenstone 
flows  is  here  N.  15°  W.  and  the  dip  is  15°  E.  In  half  a  dozen  or  more 
places  within  the  valley  appear  small  faults  cutting  across  the  con- 
tact of  the  two  formations  and  causing  displacements  that  in  several 
instances  amount  to  a  hundred  feet  or  more.  One  or  two  such  dis- 
placements took  place  a  short  distance  south  of  the  Westover  ore 
body,  thus  bringing  the  greenstone  at  the  outcrop  to  a  higher  posi- 
tion with  reference  to  its  nearest  exposures  on  the  south  than  it 
would  have  otherwise  had.  Both  limestone  and  greenstone  near  the 
ore  body  are  broken  by  many  joints  and  crossed  by  slip  planes  of 
little  displacement.  Locally  the  rocks  are  much  shattered  and  break 
down  in  small  fragments.  One  of  the  most  prominent  of  the  frac- 
tures has  an  important  relation  to  the  ore  body.  It  is  a  fault, 
probably  of  small  displacement,  whose  contact  surfaces  are  warped 
surfaces  rather  than  planes,  so  that  the  trace  of  the  fault  on  the 
ledge  is  a  curved  line  sloping  from  right  to  left  as  one  looks  at  it. 
This  fault  strikes  west-northwest  and  dips  45°  NNE.  The  ore  body 
lies  on  the  north  or  upper  side  of  the  fault,  but  is  not  fully  exposed 
because  the  talus  has  been  but  partly  cleared  away  from  its  base 
and  the  actual  contact  of  limestone  and  greenstone  is  not  in  sight. 
Copper  ore  is  exposed  along  the  face  of  the  limestone  cliff  at  the  top 
of  the  talus  slope  for  a  distance  of  35  feet  horizontally  and  at  the 
south  end  of  the  ore  body  for  a  distance  of  about  10  feet  vertically. 
The  south  end  of  the  ore  bodv  is  rich  massive  bornite  and  chalcocite 
ore,  which  is  sharply  cut  off  from  the  limestone  south  of  it  by  the 
fault  and  has  been  formed  by  an  almost  complete  replacement  of 
limestone  by  the  copper  sulphides.  On  following  the  ore  body  north 
the  richness  of  the  ore  rapidly  decreases,  till  finally  bornite  disappears 
and  onlv  silicified  limestone  is  seen. 

The  copper-bearing  solutions  followed  all  the  available  openings 
in  the  limestone — joints,  bedding  planes,  and  faults — and  the  richest 
ore  is  near  such  openings,  for  here  the  lime  carbonate  was  wholly 
replaced  by  copper  sulphides.  The  amount  of  replacement  varies 
inversely  as  the  distance  from  these  openings  till,  within  a  few 
inches  or  a  foot,  the  grains  and  tiny  veinlets  of  bornite  can  no  longer 
be  seen  in  the  limestone.  AVhere  the  limestone  was  greatly  shattered 
the  opportunity  for  replacement  was  greater;  but  in  the  more  massive 
parts  of  the  beds  it  took  place  sparingly,  if  at  all. 

The  sharply  defined  contact  of  ore  and  limestone  at  the  fault  on 
the  south  suggests  that  the  displacement  is  later  than  the  ore  deposi- 
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tion.    If  this  is  the  cdse,  the  present  exposure  does  not  show  a  com- 
plete section  of  the  original  ore  body  and  further  prospecting  may 


reveal  the  displaced  part 


OTHER  FR08PE0T8. 


There  has  probably  been  more  prospecting  for  copper  in  the  Nizina 
district  than  in  any  other  part  of  Chitina  Valley  except  the  vicinity 
of  Kotsina  River.  Prospecting  was  stimulated  by  the  discovery  of 
j^uch  deposits  as  the  Bonanza,  the  Jumbo,  the  Nikolai,  and  other 
claims  and  by  the  presence  of  a  greater  number  of  prospectors.  The 
limestone-greenstone  contact  has  been  examined  with  care  wherever 
it  is  accessible,  and  most  of  it  has  been  staked.  Most  of  the  copper 
found  is  of  the  class  of  disseminated  sulphides  in  greenstone.  Ex- 
amples of  this  class  are  found  in  the  Donohoe  prospects  in  the  green- 
stone on  the  east  side  of  McCarthy  Creek  and  the  prospects  of  the 
Alaska  United  Copper  Exploration  Company  on  the  west  side  of 
Bowlder  Creek,  opposite  the  AA'estover  claim,  and  on  the  east  side  of 
Bowlder  Creek  north  of  Dan  Creek.  The  copper  sulphides  of  the 
last-named  locality  occur  along  joint  or  fault  planes,  some  of  which 
are  nearly  parallel  with  the  major  strike  fault  of  the  Dan  Creek 
vallej'  and  some  cross  these  at  large  angles.  In  1909  a  tunnel  was 
being  driven  on  the  property  about  one-fourth  of  a  mile  east  of 
Bowlder  Creek  and  275  feet  below  the  limestone-greenstone  contact 
lo  cut  a  fibsure  carrj'ing  copper  minerals  that  was  exposed  175  feet 
higher  to  the  north.  A  belt  of  greenstone  with  disseminated  copper 
sulphides  is  found  at  about  this  distance  below  the  limestone  and 
extends  east  along  the  north  side  of  Dan  Creek  valley.  It  carries 
small  amounts  of  bornite  and  chalcopyrite,  and  in  places  a  little 
native  copper  is  present.  The  native  copper  is  believed  to  be  a  sec- 
ondary alteration  product  derived  from  the  sulphide.  Bowlders  of 
greenstone  carrying  native  copper  are  not  unusual  in  the  gravels  of 
Dan  Creek.  Not  much  work  has  been  done  on  the  native  copper- 
bearing  greenstone,  and  the  quantity  of  copper  there  is  not  yet  deter- 
mined. The  principal  prospects  of  this  kind  are  on  the  upper  part 
of  Dan  Creek  and  are  the  property  of  the  Dan  Creek  Gold  and 
Copper  Company. 

A  small  deposit  of  copper  carbonates,  malachite,  and  azurite  is 
found  in  the  limestone  only  a  few  feet  above  the  limestone-greenstone 
contact  south  of  Chitistone  River,  a  mile  east  of  the  Nizina  River 
valley.  The  copper  minerals  were  deposited  in  a  crushed  and  faulted 
part  of  the  limestone  and  the  whole  is  much  stained  with  iron  oxide. 
Two  short  prospecting  tunnels  were  driven  in  the  limestone  by  the 
Houghton  Alaska  Exploration  Company,  to  whom  the  prospedJ 
belongs. 

70648'— Bun.  448—11 7 
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GOLD. 

PRODUCTION. 

All  the  gold  produced  in  the  Chitina  Valley  has  come  from  the 
placers  of  Dan,  Chititu,  and  Young  creeks.  Chititu  Creek  is  the 
principal  producer,  and  after  it  comes  Dan  Creek.  Young  Creek 
has  had  only  a  small  output  up  to  the  present  time  and  may  almost 
be  disregarded  as  a  contributor  in  past  years,  but  with  lower  freight 
rates  and  cheapened  cost  of  production  it  may  become  of  greater  im- 
portance in  the  future.  The  total  gold  production  of  Chititu  and 
Dan  creeks  from  1903  to  1909,  inclusive,  may  be  estimated  with  a 
considerable  degree  of  accuracy  as  between  $450,000  and  $500,000,  or 
an  average  of  about  $65,000  a  year.  There  is  good  reason  to  believe 
that  with  the  installation  of  new  equipment  on  the  completion  of  the 
railroad  this  yearly  average  will  be  much  increased. 

SOURCE  OF  THE  GOLD. 

It  may  be  said  with  certainty  that  the  source  of  the  placer  gold  of 
Dan,  Chititu,  and  Young  creeks  is  in  the  black  shales  of  the  Kenni- 
cott  formation.  This  is  clearly  shown  by  the  distribution  of  the  gold 
itself.  All  the  tributaries  that  flow  into  Dan  and  Copper  creeks 
from  the  northeast,  including  Dan  Creek  above  the  mouth  of  Copper 
Creek,  lie  within  the  limestone-greenstone  area  and  carry  no  gold. 
All  the  tributaries  that  flow  into  Dan  and  Copper  creeks  from  the 
southwest  head  in  the  shale  area  and  all  carry  gold.  All  the  gravel 
deposits  of  Dan  and  Copper  creeks  except  a  part  of  the  bench  and 
stream  gravels  on  lower  Dan  Creek  are  derived  from  sources  within 
the  drainage  basin  of  these  streams.  No  foreign  material  was  found, 
and  there  is  almost  no  possibility  that  any  could  be  present,  for  the 
whole  basin  is  surrounded  by  steep  walls  which  probably  never 
were  below  the  surface  of  the  ice  fields  during  the  time  of  greatest 
glaciation. 

All  the  tributaries  of  Chititu  Creek  originate  within  the  black 
shale  area  and  all  carry  gold,  but  here,  as  on  Young  Creek,  part  of 
the  gravels  are  of  foreign  origin  brought  in  by  glacial  transportation. 
Rex  Creek  is  the  one  exception  to  this  statement,  for  its  gravels,  save 
in  the  lower  mile  of  its  course,  are  all  derived  from  within  its  own 
drainage  basin.  The  gravels  of  the  upper  Rex  Creek  valley  are 
deri  /ed  from  the  black-shale  area  and  carry  gold.  No  evidence  was 
obtained  to  indicate  any  other  source  for  the  gold  of  Chititu  and 
Dan  creeks  than  the  shales  lying  between  Dan  and  Young  creeks, 
although  all  the  copper  and  probably  all  or  nearly  all  the  silver  of 
Chititu  Creek  came  from  an  outside  source. 

Many  small  quartz  veins  carrying  pyrite  and  native  gold  have  been 
found  in  the  black  Kennicott  shales  between  Copper  and  Bex  creeks. 
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They  range  in  thickness  from  less  than  an  inch  to  several  inches  and 
are  believed  to  have  a  close  relation  to  the  porphyritic  intrusions  in 
the  shales.  Molybdenite  is  present  and  stibnite  is  also  reported 
from  these  veins.  The  placer  gravels  contain,  besides  the  metals 
gold,  silver,  and  copper,  such  heavy  minerals  as  galena,  cinnabar, 
barite,  pyrite,  and  possibly  marcasite.  Native  lead  with  a  white 
coating,  thought  to  be  cerusite,  was  found  in  the  sluice  boxes  on 
Chititu  Creek,  but  may  have  been  introduced  by  white  men  or 
natives,  for  bullets  and  shot  are  conmion.  Not  all  of  these  minerals 
have  been  found  in  place  in  the  rock,  but  it  is  probable  that  they 
also  are  associated  with  the  quartz  veins  and  porphyry  intrusions. 
Thin  veins  no  thicker  than  a  sheet  of  paper  are  common  in  joint 
planes  of  the  hard  argillite  bowlders  in  the  stream  gravels.  They 
contain  quartz,  pyrite,  and  in  places  free  gold.  A  thin  vein  less 
than  one-fourth  of  an  inch  thick  was  found  in  a  porphyry  dike  on 
the  upper  part  of  Rex  Creek,  which  consisted  of  quartz  with  molyb- 
denite and  pyrite  and  assayed  0.18  ounce  gold  and  12.80  ounces 
silver  to  the  ton.  The  dike  rock  near  the  vein,  although  seemingly 
little  altered,  contained  pyrite  and  showed  a  trace  of  both  gold  and 
silver.  There  is  thus  good  evidence  for  the  source  of  the  gold  aside 
from  that  furnished  by  its  distribution  in  the  gravels. 

The  gold  in  the  stream  gravels  is  in  part  a  concentration  from 
the  bench  gravels  through  which  the  streams  have  cut  their  chan- 
nels and  in  part  a  concentration  from  the  products  of  weathering 
derived  directly  from  the  shales  and  the  auriferous  veins.  Probably 
the  greater  part  is  a  reconcentration  from  the  older  deposits.  Ex- 
tensive accumulations  of  high  bench  gravels  are  present  on  both 
Dan  and  Chititu  creeks.  They  are  best  developed  on  the  lower 
parts  of  the  streams  but  extend  into  some  of  the  tributary  valleys. 
The  bench  gravels  of  Dan  Creek  extend  west  from  the  neighborhood 
of  Copper  Creek  and  around  to  the  west  slope  of  Williams  Peak,* 
where  they  reach  an  elevation  of  over  1.200  feet  above  the  flats  of 
Nizina  River.  The  bench  gravels  of  Chititu  Creek  reach  an  eleva- 
tion as  great  as  or  greater  than  those  of  Dan  Creek.  In  both  places 
they  represent  a  filling  in  old  valleys  through  which  the  present 
streams  have  cut  their  channels  and  in  so  doing  have  reconcentrated 
a  great  volume  of  older  deposits,  derived  partly  from  the  upper 
Xizina  Valley  and  the  region  east  of  the  heads  of  White  and  Young 
creeks  but  chiefly  from  the  drainage  basin  of  Dan  and  Chititu 
creeks.  When  the  bench  gravels  were  laid  down  the  two  great 
ice  streams  that  came  down  the  Nizina  and  Chitina  valleys  were 
still  in  existence,  although  on  the  retreat.  They  formed  the  bar- 
rier behind  which  it  was  possible  for  such  deposits  to  accumulate 

'Williams  Peak  Is  named  !n  honor  of  John  M.  Williams,  a  pioneer  prospector  of  the 
Nlxlna  district,  who  was  killed  in  a  snowsllde  on  Bonanza  Creek  on  April  7,  1009. 
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and  brought  to  the  bench  gravels  that  part  of  them  which  is  foreign 
to  Dan  and  Chititu  creeks.  It  is  impossible  to  say  what  proportion 
of  the  gravels  consists  of  foreign  material,  but  it  is  believed  to  be  the 
smaller  part.  Some  of  the  bench  gravels  carry  gold  in  sufficient 
quantity  to  be  of  commercial  importance,  as  has  been  proved  at  a 
number  of  places.  A  reconcentration  of  such  deposits  accounts  in  part 
for  the  greater  richness  of  the  stream  gravels.  The  process  that 
brought  about  this  concentration  is  exactly  the  same  in  principle  as 
that  carried  on  in  the  miners'  sluice  boxes  on  a  much  smaller  scale  but 
in  a  much  shorter  time.  This  concentration  is  probably  slower  at 
present  than  it  was  before  the  streams  had  cut  through  the  deep 
gravel  accumulations  and  intrenched  themselves  in  the  underlying 
hard  rock,  but  it  still  goes  on,  for  erosion  of  the  bench  gravels  has 
not  ended. 

PLACER  DEPOSITS. 
DAN  CREEK. 

Dan  and  Copper  creeks  may  well  be  regarded  as  one  stream  in 
spite  of  whatever  accident  or  design  resulted  in  their  having  dif- 
ferent names  and  of  the  fact  that  the  upper  part  of  Dan  Creek  some- 
times  carries  as  much  or  more  water  than  Copper  Creek.  A  refer- 
ence to  the  geologic  map  (PL  III,  in  pocket)  will  show  that  the 
two  streams  follow  closely  the  course  of  the  fault  that  gave  the 
older  greenstone  and  the  limestone  on  the  north  their  relative  ele- 
vation above  the  base  of  the  Kennicott  formation.  With  unimpor- 
tant exceptions,  the  north  side  of  the  Dan  and  Copper  creek  val- 
leys is  in  limestone  and  greenstone,  the  south  side  in  shales  of  the 
Kennicott  formation.  Most  of  Copper  Creek  is  in  a  broad  glaci- 
ated valley,  but  at  a  point  nearly  1  mile  above  its  mouth  the  creek 
enters  a  narrow  rock-walled  canyon  that  opens  slightly  below  Cop- 
per Creek  yet  extends  down  Dan  Creek  nearly  a  mile.  Dan  Creek 
valley  below  the  canyon  is  narrow  and  shut  in  by  steep  mountains 
as  far  as  the  flats  of  Nizina  River. 

During  the  ice  invasion  the  Copi^er  Creek  valley  was  swept  clear 
of  whatever  unconsolidated  deposits  may  have  accumulated,  and 
the  form  of  the  valley  was  considerably  modified.  When  the  ice 
was  retreating  some  glacial  debris  was  left  on  the  valley  floor,  but  it 
is  of  less  importance  in  connection  with  the  gold  placers  than  the 
accumulations  of  stream  gravels  that  have  been  laid  down  since  the 
glacier  disappeared.  In  this  respect  the  placers  of  Copper  Creek 
are  different  from  those  of  Dan  Creek. 

All  the  tributaries  of  Copper  Creek  on  its  south  side,  as  Idaho, 
Rader,  and  Seattle  gulches,  carry  gold,  but  most  of  the  output  of 
the  creek  comes  from  near  the  mouth  of  Rader  Gulch.  Part  of  the 
gold  is  from  the  gulch  itself  and  part  is  from  Copper  Creek,  just 
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below  the  gulch.  The  gravels  are  all  shallow.  Those  in  the  mouths 
of  the  gulches  are  composed  almost  entirely  of  shale,  chiefly  from 
the  Kennicott  formation  but  also  in  part  from  the  McCarthy  shale. 
They  occupy  narrow  gulches  and  accumulate  so  rapidly  that  the 
streams  have  difficulty  in  removing  them.  The  gravel  deposits  of 
Rader  Gulch  are  of  this  character.  They  consist  of  loose  shale 
fragments  and  occupy  only  a  few  hundred  feet  of  the  lower  end 
of  the  gulch,  for  above  them  the  grade  is  so  high  and  the  channel  so 
narrow  that  the  water  removes  loose  material  rapidly.  The  gravels 
of  the  main  stream  contain  material  from  all  the  formations  within 
the  drainage  basin.  At  Rader  Gulch  they  form  a  narrow  flood-plain 
area  between  the  mountain  slope  on  the  southwest  and  a  low  ridge  on 
the  northeast.  They  contain  considerable  coarse  material  mingled 
with  blocks  and  bowlders  of  glacial  origin  and  much  fine  material 
derived  from  the  shales.  The  gold  is  not  a  concentration  from  older, 
lower-grade  deposits  but  is  derived  directly  by  weathering  and  by 
stream  concentration  of  the  products  of  weathering.  The  source  of 
most  of  the  gold  is  clearly  indicated  by  its  position  in  the  gravels 
at  and  just  below  the  mouth  of  Rader  Gulch  and  the  presence  of 
workable  gravels  on  the  lower  part  of  Rader  Gulch. 

Idaho  and  Seattle  gulches  resemble  Rader  Gulch  in  their  form  and 
the  character  of  their  gravel  deposits,  but  they  have  not  been  found 
to  carry  as  much  gold. 

Copper  Creek  is  difficult  to  reach  with  supplies  except  in  winter, 
for  the  canyon  makes  necessary  a  high  climb  of  more  than  1,000  feet 
around  the  side  of  Williams  Peak.  Men  on  foot,  however,  can  fol- 
low the  creek.  Logs  have  been  placed  across  the  stream  in  the  can- 
yon and  make  it  possible  to  avoid  bad  places.  Mining  on  Copper 
Creek  is  done  with  pick  and  shovel.  There  is  a  small  supply  of 
timber  for  firewood  and  for  sluice  boxes,  but  it  would  not  be  ade- 
quate for  extensive  mining  operations.  Good  timber  for  lumber  can 
be  secured  along  Nizina  River,  but  the  expense  of  carrying  it  to 
Copper  Creek  under  present  conditions,  except  in  winter,  would  be 
great. 

The  gold  of  Dan  Creek  has  a  less  simple  history  than  that  of  Cop- 
per Creek.  It  is  in  part  a  reconcentration  from  older  gold-bearing 
bench  gravels  and  in  part,  like  that  of  Copper  Creek,  a  concentration 
from  the  products  of  later  erosion.  Old  high-bench  gravels  are 
found  on  both  sides  of  Dan  Creek,  especially  on  the  lower  part,  but 
near  the  west  end  of  the  canyon  they  lose  their  prominence  and  dis- 
appear altogether  at  or  below  the  mouth  of  Copper  Creek.  Dan 
Creek  has  cut  its  present  channel  down  through  this  great  accumu- 
lation of  glacial  and  stream  deposits  and  into  the  shales  beneath. 
The  stream  gravels  consist  of  greenstone,  limestone,  and  shale.  They 
form  between  rock  walls  a  narrow  flood  plain  overgrown  with  timber 
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and  in  many  places  of  less  width  than  a  placer  claim.  A  large  part 
of  the  gravels  consists  of  bowlders  ranging  from  cobbles  to  masses 
several  feet  in  diameter.  Most  of  them,  however,  are  not  too  large 
to  be  moved  by  hand.  All  the  fragments  are  rounded.  They  were 
deposited  by  a  rapidly  flowing  current  and  the  bedding  is  poor. 
Buried  spruce  logs  and  fragments  of  wood  are  common.  The  gravel 
and  its  slight  covering  of  soil  range  from  8  to  12  feet  in  depth. 

Dan  Creek  gold  is  coarse  and  smooth  and  is  accompanied  by  silver 
and  copper.  It  has  been  concentrated  on  bed  rock  or  within  the 
lower  2  feet  of  the  gravel.  A  large  proportion,  however,  finds  its 
way  into  the  cracks  and  crevices  in  the  shale,  so  that  in  places  a  foot 
or  more  of  the  shale  has  to  be  removed  to  recover  all  the  metal.  An 
unusual  feature  of  the  gravels  of  Dan  Creek  is  the  small  quantity  of 
fine  gold  found  in  them.  Very  little  fine  gold  is  recovered  in  the 
sluice  boxes  and  practically  none  is  found  in  panning.  Numerous 
prospect  holes  show  that  the  gold  is  well  distributed  across  the  chan- 
nel and  have  failed  to  discover  the  presence  of  a  concentration  into  a 
defined  pay  streak.  Beside  the  holes  sunk  on  the  flood  plain,  tunnels 
have  been  driven  along  bed  rock  at  the  base  of  the  bench  gravels 
above  the  present  flood  plain.  The  depth  to  which  the  creek  has 
incised  itself  in  the  shales  is  not  constant  but  is  rarely  less  than  10 
or  15  feet.  Thus  the  base  of  the  bench  gravels  or  the  "  rim "'  of  the 
channel  stands  well  above  the  creek.  The  tunnels  driven  in  the 
bench  gravels  show  the  presence  of  gold  in  sufficient  amount  to  be  of 
commercial  importance  and  in  several  places  in  sufficient  amount  to 
pay  for  extraction  under  the  expensive  methods  necessary  in  pros- 
pecting the  gravels,  but  the  final  test  of  value  will  come  when  an 
attempt  is  made  to  extract  the  <r^>l(l  on  a  lar^e  scale. 

An  old  channel  formerly  occiipitMl  by  Dan  Creek  lies  in  the  bench 
gravels  on  the  south  side  of  the  ])restMit  stream.  It  runs  on  the  south 
side  of  the  small  round  hill  west  of  the  mouth  of  Copper  Creelv  and 
follows  the  hillside  to  the  west,  hut  it  has  not  been  traced  definitelv. 
Doubtless  much  of  it  has  been  removed  hv  erosion.  Its  <rravels  carrv 
gold,  and  an  attempt  has  been  made  to  exploit  them  in  a  small  way. 
but  without  great  success. 

Dan  Creek  is  favorablv  situated  with  reference  to  timber  for 
mining  purposes  and  has  a  good  su})ply  of  water.  It  is  reached 
without  any  difficulty  from  the  Xizina,  and  a  wa^on  road  for  hauling 
timber  and  su])plies  luis  already  been  built.  All  niininir  to  the  ])resent 
time  has  l)een  by  the  simplest  methods.  The  one  employed  for  several 
years  is  to  undercut  the  l)ank  with  a  stream  of  wat(M*  and  by  washing 
away  the  gravel  to  leave  the  gold.  Bowlders  and  small  rocks  are 
piled  parallel  with  the  bank  and  only  a  few  feet  from  it.  Then  water 
controlled  bv  dam  and  <rates  is  tui'ned  in  and  foired  airainst  the  bank, 
undercutting  it  and  carrying  away  most  of  the  fine  gravel.    The  large 
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rocks  are  piled  back  by  hand  and  the  remaining  fine  gravel  and  gold 
are  shoveled  into  sluice  boxes,  after  which  bed  rock  is  cleaned.  Prep- 
aration has  been  made  for  installing  a  hydraulic  plant  on  Dan  Creek, 
and  it  will  be  put  in  place  as  soon  as  the  railroad  is  completed  and 
better  facilities  for  carrying  freight  are  established. 

GKITZTXr  CSEEX. 

Chititu  Creek  and  its  two  branches,  Rex  and  White  creeks,  lie 
wholly  within  the  area  of  Kennicott  sediments.  These  streams,  like 
Dan  Creek,  have  cut  their  present  channels  through  the  old  valley 
filling  and  entrenched  themselves  in  the  black  shales.  The  amount 
of  this  entrenchment  is  variable,  ranging  from  nothing  below  the 
canyon  on  Chititu  Creek  to  60  or  70  feet  on  White  Creek,  but  the 
increase  is  not  uniform.  It  is  about  30  feet  at  the  moufh  of  White 
Creek,  but  is  greater  than  that  in  places  farther  down  on  Chititu 
Creek.  It  decreases  as  Rex  Creek  is  ascended  and  also  on  the  head  of 
^Vhite  Creek.  .  The  canyon  on  Chititu  Creek  is  due  to  the  presence  of 
a  large  porphyry  dike  in  the  black  shales,  which  has  protected  them 
from  rapid  stream  cutting  and  confined  the  water  to  a  narrow  chan- 
nel. The  canyon  is  small  but  marks  the  downstream  limit  of  gold- 
bearing  gravels  that  are  now  considered  of  commercial  importance. 

Above  the  rim  of  the  shallow  trench  cut  in  the  shales  by  the  stream 
are  steep  banks  of  rudely  assorted  gravels.  The  top  of  the  gravel 
bluff  at  Sunday  Gulch  is  a  little  more  than  500  feet  above  Chititu 
Creek.  Half  a  mile  downstream  the  top  of  the  bluff  is  750  feet 
above  the  creek,  but  from  this  point  on  the  difference  grows  smaller 
till  the  bench  gravels  merge  into  the  gravels  of  Nizina  Valley  a 
short  distance  below  the  canyon.  Bench  gravels  are  prominent  on 
Rex  Creek  for  a  mile  or  more  above  its  mouth,  but  they  either  were 
not  deix)sited  or  have  been  removed  from  the  upper  end  of  the  creek, 
where  the  unconsolidated  accumulations  are  wholly  glacial  debris. 
A  large  part  of  the  bench  deposits  of  White  Creek  have  been  eroded 
away,  yet  they  extend  up  the  creek  in  conspicuous  exposures  for  at 
least  2  miles. 

The  richest  gold-producing  gravels  of  Chititu  Creek  are  the  stream 
gravels;  they  include  all  of  Chititu  Creek  above  the  canyon,  together 
with  a  large  part  of  Rex  and  White  creaks.  The  most  important 
parts  of  these  creeks,  viewed  from  the  standpoint  of  gold  production, 
are  represented  on  the  sketch  map  (fig.  10).  The  stream  gravels 
cover  the  floor  of  the  shallow  rock-rimmed  trench  to  a  depth  of 
8  to  16  feet,  depending  partly  on  the  form  of  the  bed-rock  surface 
and  partly  on  the  irregularities  of  deposition  by  a  swiftly  flowing 
current.  They  form  a  flat,  originally  covered  with  timber  and  under- 
brush, ranging  in  width  from  200  to  700  feet.  The  gravels  of  Chititu 
and  White  creeks  and  of  the  lower  part  of  Red  Creek  consist  of 
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shale,  limestone,  sandstone,  and  quartz  diorite  porphyry,  all  of  local 
oripin,  mingled  with  greenst'one.  diorite,  and  other  rocks  brought  in 
by  glacial  ice  from  a  foreign  source.  Shale,  sandstone,  and  porphyry 
make  up  the  fragmental  deposits  of  the  upper  part  of  Rex  Creek. 


Bowlders  and  large  blocks  make  up  a  considerable  portion  of  the 
gravel  deposits,  but  not  so  large  a  proportion  as  on  Dan  Creek. 
Some  of  the  glacial  erratics  are  6  or  8  feet  in  diameter.  Most  of 
the  bowlders,  however,  can  be  sent  through  the  sluice  boxes,  althougb 
it  is  necessary  to  break  part  of  them  with  powder. 
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The  gravels  producing  gold  at  present  include  those  of  Chititu 
Creek  and  of  the  lower  part  of  Rex  Creek.  Very  little  work  aside 
from  that  necessary  to  hold  the  claims  has  been  done  on  White  Creek 
for  several  yeara  In  a  general  way  the  gold  of  Chititu  Creek  is  dis- 
tributed through  the  gravel  from  rim  to  rim  of  the  rock  channel., 
but  it  was  found  that  at  one  place  near  the  canyon  there  is  a  very 
well-defined  pay  streak,  such  as  had  not  been  found  before  on  any 
of  the  claims  farther  up  the  creek.  Most  of  the  gold  is  <m  or  near 
bed  rock.  Very  little  of  it  is  found  in  the  upper  part  of  the  gravel. 
The  gold  penetrates  the  bed  rock  through  cracks  and  all  openings, 
.so  that  it  is  necessary  to  clean  the  rock  carefully  by  hand  after  taking 
up  the  loose  upper  part  to  the  depth  of  a  foot  or  more.  There  are 
considerable  differences  in  the  character  of  the  bed-rock  surface, 
owing  to  irregularities  in  form  and  differences  of  hardness.  In 
places  the  old  stream  has  worn  the  rock  smooth  or  has  hollowed  out 
cavities  and  depressions.  Differences  in  the  depth  of  weathering  also 
add  to  the  irregularities  of  the  exposed  surface,  for  the  streams  of 
water  from  the  hydraulic  giants  cut  away  the  loose  rock  and  leave 
the  harder  parts  standing  in  relief.  Without  doubt  much  of  the 
gold  of  Chititu,  Bex,  and  White  creeks  is  a  concentrated  product 
from  the  bench  gravels  and  the  remainder  is  derived  directly  by 
weathering  from  the  surrounding  shales.  All  the  bench  gravels  carrj 
gold  in  some  amount,  and  with  decreased  cost  of  mining  it  is  prob- 
able that  some  of  them  will  be  exploited. 

Chititu  gold  is  finer  and  less  worn  than  that  of  Dan  Creek.  It 
was  found  on  the  lower  part  of  Chititu  Creek  that  in  a  set  of  4 
screens  ranging  from  10  to  20  mesh  about  equal  amounts  of  gold, 
by  weighty  were  caught  in  each  screen;  at  the  mouth  of  Rex  Creek 
it  was  estimated  that  from  25  to  40  per  cent  of  the  gold  passes 
through  a  16-mesh  sieve.  These  results  are  in  marked  contrast  with 
the  heavy  coarse  gold  of  Dan  Creek,  yet  both  come  from  the  same 
area  of  mineralization.  There  is,  nevertheless,  a  little  coarse  gold  on 
Chititu  Creek,  and  several  large  nuggets  have  been  found.  The 
gold  assays  about  $18.70  per  ounce  when  cleaned.  A  large  quantity 
of  copper  is  obtained  in  the  clean-up,  and  nuggets  of  native  silver 
are  common.  Several  other  heavy  minerals  besides  copper  and  silver 
are  caught  in  the  sluice  boxes,  such  as  pyrite,  galena,  stibnite,  barite, 
and  lead.  Most  of  the  lead  was  evidently  introduced  through  the 
use  of  firearms,  but  some  of  the  pieces  examined  did  not  resemble 
the  battered  bullets  found  in  the  sluice  boxes  and  had  a  thick  white 
coating  of  oxidized  material.  One  of  the  largest  of  the  native-silver 
nuggets  was  found  in  1909 ;  it  weighed  over  7  pounds  but  contained 
considerable  quartz. 

Native  copper  is  a  source  of  considerable  difiiculty  and  expense  in 
mining.    Several  hundred  pounds  of  fine  copper  are  secured  at  every 
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clean  up  and  many  large  masses  are  taken  from  the  cuts.  Occasion- 
ally a  large  piece  goes  through  the  boxes  and  into  the  dump,  but  the 
largest  are  too  heavy  to  be  driven  out  of  the  cut  by  the  giant.  All 
the  gold  is  picked  over  by  hand  to  remove  the  fine  copper  not  sepa- 
rated in  the  sluice  box.  During  the  early  days  of  mining  no  effort 
was  made  to  save  the  copper,  since  the  expense  of  carrying  it  to  the 
coast  was  greater  than  its  value,  vet  with  railroad  transportation  it 
should  now  be  worth  considering.* 

For  the  first  few  years  after  the  discovery  of  gold  on  Chit  it  u  Creek 
mining  was  conducted  on  Bex  and  '\\Tiite  creeks  as  well  as  on  Chititu 
Creek.  Rich  ground  was  found  on  all  these  streams,  and  the  prin- 
cipal operations  were  on  the  upper  half  of  Chititu  Creek,  the  lower 
end  of  Rex  Creek,  and  the  upper  part  of  AVhite  Creek.  All  the  work 
was  done  by  hand  and  attention  was  directed  to  the  richest  ground 
only.  At  present  two  hydraulic  plants  are  in  operation,  one  on 
Chititu  Creek  and  the  other  at  the  mouth  of  Rex  Creek.  Most  of 
the  claims  on  Chititu  Creek  are  owned  bv  the  Nizina  Mines  Com- 
pany  and  a  complete  hydraulic  plant  has  been  installed  to  exploit 
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l'i<;rui:  1 1.- -Dlaj^ram  showing  the  method  of  operating  hydraulic  giants  on  Chititu  Crook. 

them.  This  plant  inchules  fhiines,  ])ipe  lines,  and  giants,  as  well  as  a 
complete  sawmill  and  an  electric  lighting  system.  The  sawmill  is 
e(iiii[)pe<l  with  planers  and  macliinerv  for  turning  out  standardized 
parts  of  flume  and  sluice  boxes  and  rillle  blocks  and  for  putting  them 
together.  There  is  also  a  blacksmith  shop  and  equij)ment  for  han- 
dling ii'on  pipe.  A  very  unusual  feature  for  an  Alaska  placer  mine  is 
the  comj)lete  system  of  accounting  by  wliich  all  expen>e>  are  charged 
in  their  pro[)er  place  and  the  cost  of  any  part  of  the  oj^erations  is 
made  known. 

The  method  of  handling  gravel  in  the  pit  is  shown  in  figure  11. 
Wlien  I  he  sluice  boxes  have  been  put  in  place  a  bed-rock  flume  is 
carried  u[)stream  in  the  gravels  as  far  as  desired.  Then  the  ui)per 
end  of  this  cut  is  widened  to  100  or  ir>0  feet  and  a  giant  is  placed  on 
either  si<le  so  as  to  drive  the  gravel  along  the  sloping  face  into  the 
head  of  the  flume.  By  this  method  the  force  cf  the  giants  is  added 
to  the  ground  sluice  water  and  a  decided  gain  in  eHiciency  i>  ob- 
tained over  the  former  method  of  working  against  the  face  with  the 
giants  turned  upstream  and  away  from  the  sluice  boxe-.     In  ])ractice 
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only  one  giant  is  used  at  a  time,  the  opportunity  thus  being  given 
for  a  gang  of  men  to  remove  the  large  bowlders  on  the  opposite  side. 
A  giant  is  also  required  at  the  lower  end  of  the  sluice  boxes  to  stack 
the  tailings  and  keep  the  end  of  the  boxes  clear. 

Mining  operations  at  the  mouth  of  Rex  Creek  have  been  con- 
ducted by  Frank  Keman  with  a  smaller  plant  than  that  on  Chititu 
Creek,  but  they  have  been  carried  on  for  a  longer  time.  A  small 
giant  is  used  and  water  is  brought  from  Rex  Creek  in  a  flume. 
The  conditions  here  are  about  the  same  as  on  Chititu  Creek,  but  the 
width  of  gravel  between  the  rock  rims  is  less.  Some  very  rich  ground 
has  been  found  on  the  lower  end  of  Rex  Creek  and  just  below  that 
on  Chititu  Creek. 

The  canyon  of  Chititu  Creek  is  4^  miles  from  the  flats  of  Nizina 
River,  and  the  character  of  the  country  is  such  that  a  good  wagon 
road  could  be  constructed  at  moderate  expense.  Such  a  road  in  con- 
nection with  a  bridge  over  the  Nizina  River  would  make  communi- 
cation with  the  railroad  at  Kennicott  River  easy  and  would  be  of 
great  advantage  to  the  miners  of  Chititu  Creek,  since  it  would  enable 
them  to  secure  supplies  at  any  time  of  the  year  at  a  reasonable  cost. 
It  would  also  do  much  to  solve  the  problem  of  securing  labor  at  the 
lime  when  it  is  most  needed  and  thus  prevent  the  necessity  of  carry- 
ing a  large  force  of  men  on  the  pay  roll  during  the  whole  season. 
Labor  is  a  lArge  item  in  the  expense  of  operation  at  present  chiefly 
because  of  the  large  amount  of  time  spent  in  winter  freighting. 
Wages  range  from  $90  per  month  and  board  to  $5  per  day,  with  an 
additional  amount  to  foremen. 

Chititu  Creek  has  a  sufficient  volume  of  water  for  all  the  demands 
that  are  made  on  it  by  the  hydraulic  plant  in  operation.  The  supply 
on  Rex  and  White  creeks  is  naturally  less  and  probably  would  be 
inadequate  for  a  large  plant  at  some  seasons  of  the  year.  Chititu 
Creek  has  a  fall  of  180  feet  per  mile  from  the  forks  to  the  canyon. 
Rex  and  AMiite  creeks  have  a  fall  of  250  feet  per  mile  in  the  lower 
2  miles  of  their  courses.  Thus  a  good  head  of  water  can  be  secured 
on  each  of  these  streams.  There  is  an  abundance  of  good  timber 
for  lumber  and  mining  purposes  on  Chititu  Creek  below  the  canyon. 

TOTTNO    OBEEX. 

Young  Creek  resembles  Dan  and  Chititu  creeks  in  having  cut  its 
channel  through  an  old  gravel  filling  in  a  glaciated  valley.  The 
present  stream  flows  in  a  trench  cut  in  black  shales  and  lies  from 
20  to  40  feet  below  the  base  of  the  bench  gravels.  Its  channel  is  in 
reality  a  shallow  canyon  whose  walls  are  shale  at  the  base  and  gravel 
above.  Young  Creek  valley  was  once  occupied  by  a  glacier  which 
came  into  it  across  a  broad  low  divide  near  its  head  and  was  an  over- 
flow branch  of  the  great  Nizina  Glacier.    The  gravels  of  Young  Creek 
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therefore  contain  a  large  amount  of  foreign  material  from  the  upper 
Chitina  Valley  in  addition  to  rocks  of  the  Kennicott  formation  and 
the  greenstone  from  its  own  valley. 

A  large  part  of  the  creek  has  been  staked  for  placer  gold,  although 
the  production  has  not  yet  been  enough  to  give  much  encouragement 
for  mining.  Two  men  were  prospecting  on  the  lower  part  of  the 
stream  in  1909.  In  previous  years  work  was  done  on  Calamity 
Gulch  also,  but  the  results  were  not  sufficiently  favorable  to  lead  to 
its  continuation. 

Young  Creek  carries  a  large  stream  of  water  at  all  seasons  of  the 
year  and  has  an  average  fall  of  100  feet  per  mile  above  the  Nizina 
flats.  It  is  difficult  to  reach  the  upper  part  of  the  creek  because  of 
the  canyon-like  character  of  the  stream  channel  and  of  the  absence 
of  trails  above  the  creek  on  the  hill  slopes,  and  for  this  reason  it  is 
customary  to  cross  the  ridge  from  the  head  of  White  Creek  and  come 
down  on  Young  Creek  at  the  head  of  Calamity  Gulch.  This  is  the 
route  always  followed  by  prospectors  bound  for  the  head  of  Young 
Creek. 
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PREFACE. 


By  Alfred  H.  Brooks. 


For  several  years  after  the  organization  of  the  Alaskan  surveys  in 
1898  most  of  the  appropriation  was  devoted  to  explDration.  These 
exploratory  surveys,  although  they  had  no  high  degree  of  accuracy, 
served  to  block  out  the  larger  features  of  the  topography  and  geology, 
and  the  resulting  reports  and  maps  proved  of  great  value  to  the 
pioneer  prospector  and  miner.  With  the  advance  of  the  mining  in- 
dustry came  a  constantly  increasing  demand  for  maps  which  were 
based  on  a  higher  degi'ee  of  refinement  both  with  reference  to  geo- 
logic observation  and  to  mensuration.  To  meet  this  demand  areal 
surveys  were  begun  first  on  a  scale  of  4  miles  to  the  inch  and  later, 
where  the  mining  interests  warranted  it,  on  a  scale  of  1  mile  to  the 
inch.  The  rapid  industrial  advancement  in  many  parts  of  Alaska  led 
to  the  expansion  of  surveys  of  this  character  almost  to  the  exclusion 
of  the  purely  exploratory  work. 

The  progress  nuide  in  reconnaissance  and  detailed  surveys  has 
seemed  to  warrant  again  diverting  a  part  of  the  funds  to  exploring 
some  of  the  little  known  regions.  One  of  the  largest  of  the  un- 
surveyed  areas  in  the  more  accessible  parts  of  Alaska  is  roughly 
blocked  out  by  lower  Yukon  and  lower  Koyukuk  Rivers  on  the  east 
and  Norton  Bay  and  Seward  Peninsula  on  the  west.  This  field  w^as 
selected  for  survey  because  it  was  thought  that  the  metamorphic 
rocks  of  the  Seward  Peninsula  might  occur  within  it,  which  would 
give  presumption  of  the  presence  of  auriferous  deposits.  The  results 
of  the  investigation  of  this  area  are  presented  in  this  report. 

In  addition  to  exi)l()ring  the  region  east  of  Norton  Bay  the  party 
also  extended  the  topographic  and  geologic  mapping  into  the  south- 
eastern part  of  the  Seward  Peninsula,  thus  extending  the  surveys  of 
Peters  and  Mendenhall,  made  in  1900.  In  this  part  of  the  field  the 
results  were  sufficiently  definite  to  warrant  their  publication  in  a  map 
on  a  scale  of  4  miles  to  the  inch.  The  remainder  of  the  survey,  based 
as  it  was  on  foot  traverses,  which  afforded  little  opportunity  for  areal 
mapping,  seemed  hardly  sufficiently  accurate  to  warrant  the  publica- 
tion of  maps  on  a  larger  scale  than  IG  miles  to  the  inch. 
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8  PREFACE. 

Messrs.  Smith  and  Eakin  deserve  great  credit  for  the  large  amount 
of  information  gleaned  during  their  very  hasty  exploration.  The  re- 
sults form  a  notable  contribution  to  the  geology  and  geography  of  a 
region  that  was  previously  almost  unknown.  Though  the  economic 
results  so  far  as  most  of  the  region  is  concerned  are  largely  negative, 
they  are,  nevertheless,  of  no  inconsiderable  value.  The  geologic  maps 
will  indicate  large  areas  which  do  not  seem  worthy  of  attention  on  the 
part  of  the  prospector. 

Besides  covering  the  Norton  Bay  and  lower  Yukon  region  in  an 
exploratory  way ,  the  report  and  its  maps  furnish  the  details  about  the 
southeastern  part  of  the  Seward  Peninsula  necessary  to  complete  the 
reconnaissance  work  in  that  province.  The  publication  of  this  report 
marks  the  close  of  the  reconnaissance  work  in  the  Seward  Peninsula 
which  was  begun  a  decade  ago. 


A  GEOLOGIC  RECOMAISSANCE  IN  SOUTHEASTERN 

SEWARD  PENINSULA  AND  THE  NORTON 

BAY-NULATO  REGION,  ALASKA. 


Bv  Philip  S.  Smith  and  H.  M.  Eakin. 


INTRODUCTION. 

West  of  Koyukuk  and  Yukon  rivers  a  large  area  has  long  remained 
geologically  unexplored.  In  a  portion  of  this  region  an  exploration 
party  from  the  United  States  Geological  Survey  worked  during  the 
season  of  1909,  and  the  results  of  the  studies  there  carried  on  and  ex- 
tended as  far  as  Council,  in  Seward  Peninsula,  are  set  forth  in  this 
report  The  party  consisted  of  the  writers,  A.  G.  Winegarden, 
packer,  and  a  cook.  Supplies  for  a  month  were  shipped  to  Nulato, 
the  point  from  which  the  expedition  set  out,  and  the  camp  equip- 
ment and  supplies  were  transported  in  the  field  by  a  pack  train  of 
four  horses.  Other  supplies,  sufficient  to  last  the  rest  of  the  season, 
were  sent  to  Nome  and  then  transported,  through  the  courtesy  of  the 
Wild  Goose  Company,  to  the  mouth  of  the  Koyuk  and  there  cached  ' 
to  await  the  arrival  of  the  party. 

After  many  delays  the  party  arrived  in  Nulato  on  the  afternoon 
of  June  24  and  immediately  began  to  get  the  outfit  into  condition  for 
the  trail.  On  the  morning  of  June  20  active  field  work  was  begun. 
The  route,  as  indicated  by  the  location  of  the  camps  on  the  maps 
(Pis.  I  and  V,  in  pocket),  was  westward  to  Ungalik  River,  thence 
northward  to  the  Koyuk,  which  was  reached  on  July  16.  Here  a 
halt  was  made  until  supplies  from  the  cache  could  be  obtained  and  the 
outfit  put  into  shape  for  the  next  trip.  On  July  19  the  party  started 
northeastward  along  the  divide  between  the  Inglutalik  and  the 
Koyukuk  drainage  basins.  This  survey  was  carried  eastward  to  the 
divide  between  Kateel  and  Inglutalik  rivers.  Return  to  the  Koyuk 
was  made  along  the  divide  between  the  drainage  basins  of  the  Buck- 
land  and  the  East  Fork  of  the  Kovuk,  and  a  tie  was  made  on  the 
previous  geological  work  of  Moffit  in  northeastern  Seward  Penin- 
sula. At  the  close  of  the  trip  the  Koyuk  was  crossed  near  the  mouth 
of  East  Fork,  and  the  party  arrived  at  the  Koyuk  cache  on  August  8. 
A  severe  storm  and  the  work  of  replenishing  supplies  and  making 
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necessary  repairs  delayed  setting  out  again  until  August  12,  when 
the  party  got  under  way  and  made  a  meandering  traverse  of  the 
areas  between  Koyuk  River  and  Norton  Sound  that  had  not  been 
visited  by  Mendenhall  in  his  expedition  of  1900.  Moving  along  the 
divide  between  the  Koyuk  and  the  Norton  Sound  drainage  basins, 
the  party  swung  around  the  head  of  the  Tubutulik,  thence  crossed 
the  divide  into  the  Fish  River  drainage  basin,  .and,  following  along 
the  foothills,  came  to  the  Omilak  mine.  From  the  mine  the  course 
was  southeastward  to  the  Kwiniuk  and  thence  along  the  coajst  to 
Walla  Walla.  Supplies  had  been  sent  to  this  point  from  the  moutii 
of  the  Koyuk,  so  that  the  horses  had  been  able  to  travel  light.  From 
Walla  Walla  meandering  traverses  were  made  westward  to  Cheenik, 
which  was  reached  September  17.  By  this  time  the  top  of  the  ridges 
were  snow  covered,  and  a  start  was  made  the  next  day  for  Council  by 
way  of  the  Kachauik-Fish  River  divide.  Council  was  reached  and 
the  fieldwork  for  the  season  was  stopped  on  September  21. 

Locations  were  kept  by  continuous  foot  traverses  run  by  each  of 
the  geologists  independently  and  elevations  were  frequently  noted  by 
aneroid  barometers.  The  barometric  observations,  however,  were  un- 
checked and  served  principally  to  give  relative  elevations.  The  foot 
traverses  were  paced,  directions  being  obtained  by  means  of  Brun- 
ton  compasses.  The  results  of  the  different  traverses  were  platted 
in  the  office  by  making  adjustments  between  known  points  which  had 
been  determined  instrumentally  either  by  the  Coast  and  Geodetic 
Survey  or  by  Peters  on  the  reconnaissance  trip  of  Mendenhall  in  1900. 
.  So  closely  did  the  various  traverses  check  on  known  points  that  it  i^ 
believed  that,  after  the  adjustments  were  made  and  the  map  prepared, 
few,  if  any,  points  were  more  than  a  mile  out  of  their  correct  posi- 
tions. That  this  apparently  rough  method  of  pacing  is  capable  of 
giving  good  results  is  shown  by  the  fact  that  the  difference  between 
the  position  of  Camp  A15,  near  the  Bonanza  mine,  on  the  Ungalik, 
as  determined  by  the  two  geologists,  after  having  made  a  linear  trav- 
erse of  over  130  miles,  was  less  than  5  miles.  This  result  was  ob- 
tained on  the  erroneous  premise  that  both  were  pacing  2,000  paces  to 
the  mile.  AVlien,  however,  an  individual  rating  had  been  obtained  by 
comparing  the  scaled  and  paced  distance  to  the  mouth  of  the  Koyuk 
and  this  correction  had  been  applied  to  the  location  of  Camp  A15,  it 
was  found  that  the  difference  between  the  two  traverses  was  consider- 
ablv  less  than  1  mile. 

Hearty  acknowledgments  are  due  to  Mr.  A.  G.  Winegarden,  of 
Gardiner,  Mont.,  who  acted  as  packer  throughout  the  various  trips, 
for  his  unceasing  activity  in  furthering  the  aims  of  the  expedition 
and  his  willingness  to  perform  more  than  his  share  of  the  camp  work 
in  the  face  of  rather  discouraging  conditions.  Thanks  are  also  ex- 
pressed for  the  friendly  assistance  of  Mr.  C.  H.  Munro,  of  the  Wild 
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Goose  Company,  and  to  Messrs.  Thomas  Moon  and  John  Lindburg, 
prospectors,  in  distributing  supplies  at  appointed  places  and  thus 
facilitating  the  movements  of  the  party. 

The  writers  desire  also  to  express  their  appreciation  of  the  work 
of  the  earlier  geologists  and  engineers  who  have  visited  portions  of  the 
region  or  contiguous  areas,  and  from  whose  published  reports  and 
manuscripts  they  have  borrowed  to  supplement  their  own  observa- 
tions. Among  those  to  whom  the  writers  are  most  indebted  for  scien- 
tific information  are  Messrs.  J.  L.  McPherson,  W.  C.  Mendenhall, 
F.  C.  Schrader,  F.  H.  Moffit,  and  A.  H.  Brooks;  for  the  determina- 
tion of  the  fossils  collected  they  are  indebted  to  the  paleontologists 
of  the  United  States  Geological  Survey. 

GEOGRAPHY. 

LOCATION  OF  ABEA. 

The  area  in  which  new  geographic  and  geologic  information  has 
been  obtained  may  be  inferred  from  the  description  of  the  itinerary 
of  the  expedition  of  1909.  It  has  seemed  feasible,  however,  to  so 
extend  the  area  actually  visited  as  to  include  contiguous  regions 
which  throw  light  upon  parts  of  the  region  visited  in  1909  or  in 
which  the  results  of  1909  serve  to  confirm  or  explain  problems  raised 
by  other  inve^stigators.  The  area  treated  in  this  report  is  therefore 
in  the  main  rectangular  and  may  be  roughly  described  as  bounded 
by  parellels  64°  and  66**  north  latitude  and  by  meridians  156° 
and  164°  west  longitude.  Described  in  terms  of  places  and  natural 
objects,  the  southern  margin  is  near  the  settlement  of  Unalaklik,  on 
the  east  coast  of  Norton  Sound,  and  the  eastern  end  of  the  northern 
margin  is  a  short  distance  north  of  the  big  bend  of  Koyukuk  and 
Kateel  rivers  and  the  western  end  is  a  short  distance  north  of  the 
town  of  Candle  on  Kiwalik  River  in  the  northeastern  comer  of 
Seward  Peninsula.  On  the  east  the  region  is  bounded  by  a  north  and 
south  line  passing  a  little  east  of  the  junction  of  the  Melozitna  and 
Yukon  rivers;  on  the  west  the  best  known  point  to  which  to  refer  the 
margin  is  the  town  of  Council  on  Niukluk  River.  The  area  can  be 
best  comprehended  by  reference  to  the  general  map  of  northwestern 
Alaska  (fig.  1),  and  to  the  more  detailed  maps.  Plates  I  and  V. 
For  several  reasons  it  has  been  decided  to  show  the  eastern  part  of 
this  region  separately  from  the  western.  This  has  been  done  mainly 
because  better  information  has  permitted  mapping  of  the  western 
portion  on  a  scale  of  approximately  4  miles  to  the  inch,  whereas  the 
eastern  portion  is  shown  on  Plate  V  on  a  scale  of  approximately  16 
miles  to  the  inch.  A  division  of  this  sort  separates  the  great  sand- 
stone shale  area  of  the  east  from  the  more  highly  metamorphic  areas 
of  the  west.     In  this  report  the  eastern  area,  the  one  represented  by 
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Plate  V,  will  be  referred  to  as  the  Nulato-Norton  Bay  region,  and  the 
western  part  (Pis.  I,  VI)  will  be  called  southeastern  Seward 
Peninsula. 

HISTOBY  OF  EXPLORATION. 

Prospectors  and  trappers  have  without  doubt  wandered  over  the 
region  described  in  this  report,  but  there  is  little  or  no  record  of  their 
journeys  and  the  facts  that  they  learned  have  been  lost  Other 
classes  of  travelers  seldom  ventured  far  from  the  main  avenues  of 
intercommunication;  consequently,  until  within  the  last  10  or  15 
years  there  have  been  few  published  references  to  any  part  of  the 
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Fir.i'RE  1. — Sketch  map  of  northwoHtero  Alaska,  Rhowlnfc  location  of  region  considered. 

region  except  the  coast  line,  the  Yukon  and  Koyukuk  rivers,  and  the 
Kaltag  portage.  It  is  not  intended  at  this  place  to  give  an  account 
of  all  the  exploring  expeditions  that  have  visited  the  waters  sur- 
rounding Seward  Peninsula,  Norton  Sound,  and  Bering  Sea,  and  the 
reader  who  desires  a  more  complete  historical  sketch  is  referred  to 
the  papers  of  Brooks  <»  and  Dall.^ 

The  oldest  settlement  in  this  part  of  Alaska  was  at  St.  MicHaeU 
whei'e,  according  to  Dall,'*  Michael  Tebenkoff,  an  officer  in  the  Rus- 

•  Brooks,  A.   H.,  Geography   and   jffolog.v  of  Alaska :  Prof.   Paper  IT.   S.   Geol.    Survey 
No.  45,  1900. 

*  Dall.  W.  II..  Alaska  and  Its  resources,  Boston,  1870,  627  pp.  and  map. 
'  Idem,  p.  0. 
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sian-American  Trading  Company,  established  a  post  in  1833.  From 
this  point  trading  was  carried  on  with  the  surrounding  country. 
Soon  other  posts  were  established.  Thus  in  1838,"  Malakoif,  a  Creole, 
explored  the  Yukon  as  far  north  as  the  present  town  of  Nulato  and 
established  a  small  settlement  at  the  mouth  of  Nulato  River-  He  left 
this  post  undefended  during  the  winter  of  1838-39  and  it  was  de- 
stroyed by  Indians.  Soon  afterward,  in  1840,  a  trading  post  and  fort 
were  established  on  Norton  Bay  near  the  mouth  of  Unalaklik  River 
and  called  by  the  name  of  the  stream.  This  town,  according  to  the 
1900  census,  had  a  population  of  241. 

In  spite  of  the  destruction  of  the  first  settlement  at  the  mouth  of 
Nulato  River  the  Russian-American  Trading  Company,  appreciating 
the  importance  of  this  place  as  a  point  giving  ready  access  to  the 
Koyukuk  ba^in,  sent  Derabin  in  1841  to  rebuild  the  fort.  This  was 
done,  and  in  1842  Lieutenant  Zagoskin  of  the  Russian  navy  visited 
the  place.  His  visit  is  of  interest  because  he  made  several  short 
journeys  into  adjacent  areas  and  published  the  results  of  his  observa- 
tions.^ Although  his  accounts  are  fragmentary  and  imperfect,  they 
show  that  he  visited  portions  of  Yukon  River  as  far  upstream  as  the 
mouth  of  the  Melozitna,  explored  Koyukuk  River  as  far  as  the  mouth 
of  the  Kateel,  and  made  a  side  trip  up  the  Kateel  to  assure  himself 
that  the  native  reports  of  an  easy  route  into  the  Buckland  drainage 
basin  were  correct.  Unfortunately  the  maps  published  with  his  re- 
port are  not  based  so  much  upon  his  direct  personal  observations  as 
upon  reports  heard  by  him,  and  consequently  many  of  the  features 
are  indicated  only  in  a  most  general  manner. 

In  1851  the  trading  post  and  fort  at  Nulato  were  burned  and  some 
of  the  inhabitants  were  massacred  by  Indians  from  the  Koyukuk. 
When  the  town  was  rebuilt  it  was  moved  a  mile  or  more  up  the  river 
to  its  present  location  on  a  low  gravel  bench  between  Nulato  Slough 
and  Nulato  River. 

About  1850  the  great  activity  among  many  of  the  different  nations, 
notably  the  English,  in  searching  for  the  Franklin  expedition  re- 
sulted in  several  ships  wintering  in  the  watere  of  Kotzebue  Sound. 
From  these  ships  several  exploring  parties  visited  neighboring  areas 
and  added  geographical  data.  Of  these  expeditions  few  prepared 
maps  of  sufficiently  large  scale  to  portray  any  but  the  most  general 
features  of  the  region  explored.  Among  the  overland  trips  were 
the  exploration  of  Selawik  Lake  and  vicinity  by  Surgeon  Simpson 
of  H,  M.  S.  Plover^  the  trip  from  Chamisso  Island  by  way  of  Buck- 
land  and  Koyuk  rivers  to  St.  Michael  by  Lieutenant  Pim  of  the  same 

•Dall,  W.  H..  Alaska  and  Its  resources,  1870,  p.  48. 

*  Zagoskin,  L.  A.,  TraTels  on  foot  and  description  of  the  Russian  possessions  In  America 
from  1842  to  1844 :  Ermans  Archly  fiir  wlssenschaftl.  Kunde  Ton  Russland,  vols.  6  and  7. 
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ship,  and  the  exploration  of  Buckland  River  by  Ca|)tain  Kellett  and 
officers  of  H.  M.  S.  Herald.  Accounts  of  the  voyages  of  the  Herald^ 
show  that  the  last-named  expedition  went  up  the  Buckland  for  30 
miles  (probably  measured  along  the  circuitous  course  of  the  river) 
in  a  w^haleboat  and  then  about  30  miles  farther  in  lighter  boats.  The 
Pim  journey  is  also  described  in  the  same  publication,  but  the  narra- 
tive is  more  a  recital  of  hardships  than  of  geographic  or  geologic 
data  and  is  not  accompanied  by  a  map.^ 

A  later  impetus  to  exploration  was  given  when  in  1863  the  Western 
Union  Telegraph  Company  undertook  to  build  a  telegraph  line 
through  Alaska  to  connect  the  settled  parts  of  America  and  Europe. 
In  18()5  Kennicott,  who  was  in  charge  of  the  scientific  work  of  this 
company,  crossed  the  Kaltag  portage  and  surveyed  the  route  to 
Nulato.  During  the  same  year  J.  T.  Dyer  and  B.  D.  Potter,  accord- 
ing to  Dally^  made  a  very  hazardous  and  successful  exploration  of 
the  country  between  Norton  Bay  and  the  mouth  of  the  Koyukuk 
River  on  the  Yukon.  Unfortunately  no  map  of  this  trip  was  pub- 
lished, and  the  data  collected,  although  undoubtedly  used  by  Dall,* 
have  never  been  available.  In  1865,  also,  another  party  under  the 
leadership  of  Baron  von  Bendeleben  explored  the  route  for  the  line 
from  Norton  Bay  to  Port  Clarence,  but  the  results  like  those  of  the 
other  parties  have  never  been  published. 

The  death  of  Kennicott  in  1866  caused  the  leadership  of  the  sci- 
entific corps  to  pass  to  W.  H.  Dall.  It  was  the  work  accomplished 
while  in  charge  of  tlie  telegraph  exploration  and  during  the  year 
succeeding  the  abandonment  of  tJie  enterprise  that  enabled  Mr.  Dall 
to  write  the  most  authoritative  general  book  on  Alaska  that  had 
appeared  up  to  the  time  of  the  discovery  of  valuable  gold  deposits. 
All  branches  of  geography  and  geology  received  some  attention  from 
this  investigator  and  many  of  his  observations  will  be  quoted  in  more 
detail  in  subsequent  portions  of  this  report. 

A  period  of  ten  or  fifteen  years  elapsed  during  which  few  notes 
of  value  were  collected  and  published  concerning  the  Nulato-Council 
region.  In  1885  Lieutenant  Allen  made  his  famous  trip,  during 
which  a  portion  of  the  Koyukuk  was  mapped  and  also  the  portage 
from  Kaltag  to  Unalaklik.  About  this  time  explorations  by  the 
Revenue-Cutter  Service  were  begim.  The  explorations  of  this 
branch  of  the  government  service  which  directly  concerned  the 
Nulato-Council  region  were  by  Purcell  in  the  vicinity  of  Selawik 
Lake  and  by  Zane  along  the  Koyukuk  to  Nulato. 


•  Seeman,  Berthold,  Navigation  of  II.  M.  S.  Herald  during  the  years  1845-1851,  toI.  2» 
London.  1853,  pp.  119-120. 
*0p.  cit.,  pp.  130-148. 

«  Dall,  W.  H.,  Alaska  and  its  resources,  p.  357. 
'Op.  cit.,  map. 
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In  1889  Prof.  I.  C.  Bussell  ^  ascended  the  Yukon,  and  his  report 
of  this  trip  furnished  many  facts,  both  of  geologic  and  geographic 
significance. 

With  the  discovery  of  gold  in  the  Klondike  an  influx  of  pros- 
pectors and  others  into  Alaska  followed,  and  soon  afterwards  the 
United  States  Geological  Survey  was  able  actively  to  undertake  geo- 
graphic and  geologic  investigations  of  the  district.  One  of  the 
earliest  of  these  surveys  was  conducted  by  Spurr,^  mainly  in  the 
basin  of  the  Kuskokwim.  The  geologic  and  topographic  map  pub- 
lished with  his  report  covers  the  area  between  the  Koyukuk  and  the 
Koyuk  and  from  the  mouth  of  the  Kateel  southward,  and  is  con- 
sequently the  first  geologic  map  of  the  eastern  half  of  the  area  studied 
in  1909.  Most  of  the  information  concerning  the  Nulato-Council 
region  was  compiled  or  gathered  from  reports  of  prospectors,  and 
very  little  geographic  significance,  outside  of  the  distribution  of  the 
different  geologic  groups,  was  added. 

Schrader  *^  in  1899  came  down  the  Koyukuk  and  the  maps  published 
in  the  report  of  his  trip,  which  were  made  by  T.  G.  Gerdine,  afford 
a  much  more  detailed  representation  of  the  region  than  had  hitherto 
been  available.  No  traverses  of  the  country  away  from  the  river 
were  made,  so  that  details  regarding  the  region  between  the  Yukon 
and  Norton  Bay  were  not  acquired.  At  the  close  of  the  field  work  in 
the  Koyukuk  region  Schrader  went  to  Nome  and  with  Brooks  made 
the  first  examination  by  Survey  geologists  of  Seward  Peninsula. 

In  1900  two  main  parties  were  dispatched  to  Seward  Peninsula. 
One  in  charge  of  A.  H.  Brooks  investigated  the  region  as  far  east 
as  Council ;  the  other  in  charge  of  W.  J.  Peters,  with  W.  C.  Menden- 
hall  as  geologist,  investigated  the  southern  part  of  the  peninsula 
as  far  east  as  the  Koyuk.  The  field  studies  of  the  Peters  party 
cover  the  western  part  of  the  area  visited  by  the  expedition  of  1909 
and  will  be  referred  to  in  detail  in  succeeding  pages  of  this  report. 
In  the  main,  however,  the  results  may  be  summarized  as  follows: 
A  delineation  of  the  major  features  of  the  topography  by  maps,  the 
publication  of  data  on  various  geographic  subjects  such  as  climate, 
vegetation,  and  fauna,  and  the  statement  both  verbal  and  graphic 
of  the  areal,  historical,  and  economic  geology.^  The  studies  of  Mon- 
denhall  were  carried  on  mainly  from  the  streams;  the  three  larger 
ones,  the  Fish,  the  Tubutulik,  and  the  Koyuk,  he  ascended  in  canoes. 

•  RusseH,  I.  C,  Notes  on  the  surface  geology  of  Alaska :  Bull.  Geol.  Soc.  America, 
▼ol.  I.  pp.  99-162. 

*  Spurr,  J.  EL,  A  reconnaissance  In  southwestern  Alaska  In  1808:  Twentieth  Ann. 
Kept.  U.  S.  Geol.  Survey,  pt.  7,  1909,  pp.  31-264. 

e  Schrader,  F.  C,  Preliminary  report  on  a  reconnaissance  along  Chandlar  and  Koyukuk 
rivers.  Alaska,  in  1890 :  Twenty-first  Ann.  Rept.  U.  S.  (icol.  Survey,  pt.  2,  1000,  pp. 
441-486. 

'  Mendenhall,  W.  C,  A  reconnaissance  in  tho  Norton  Bay  Region.  Alaska,  in  1900,  a 
special  publication  of  the  U.  S.  Oeol.  Survey,  1901,  pp.  183-222. 
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During  1901  Schrader  made  a  trip  to  northern  Alaska  and  visited 
portions  of  the  Koyuknk  drainage  basin.*  In  the  same  year  Menden- 
hall  *  explored  the  Kobuk  River,  and  although  this  regicm  lies  con- 
siderably to  the  north  of  the  Nulato-Council  area  the  information 
secured  throws  considerable  light  on  the  problems  of  the  latter.  In 
the  reconnaissance  by  Schrader,  a  geologic  map  was  published  show- 
ing the  different  formations  along  the  Koyukuk  northwestward  from 
latitude  66°  north,  and  this  map  and  the  notes  on  the  lower  part  of 
the  river  already  referred  to  on  page  15  afford  a  continuous  sec- 
tion from  the  Yukon  northward. 

Of  the  other  survey  expeditions  that  have  visited  contiguous  areas 
the  party  under  Collier  in  1902  and  the  Atwood  party  of  1907  are 
the  only  ones  that  require  specific  reference  here.  The  main  object 
of  these  expeditions  was  to  study  the  coal  resources  of  portions  of 
Alaska.  A  publication  has  appeared  setting  forth  the  results  of  the 
investigations  by  Collier,"  but  Atwood's  report  has  not  yet  been 
published,  though  many  of  the  manuscript  notes  have  been  kindly 
furnished  to  the  present  writers.** 

In  1906  a  traverse  from  the  mouth  of  the  Koyukuk  to  the  shores  of 
Norton  Sound  and  thence  to  Council  was  made  by  a  party  sent  out 
by  the  War  Department.  The  object  of  the  survey  was  to  determine 
the  feasibility  of  a  land  route  from  the  navigable  watere  of  the 
Tanana  to  the  vicinity  of  Council  City.  The  maps  accompanying  the 
report  of  this  survey  were  the  fii-st  to  give  accurate  information  con- 
cerning a  strip  of  country  5  to  10  miles  wide  extending  from  the 
mouth  of  Koyukuk  to  the  mouth  of  the  Koyuk,  and  are  replete  with 
facts  of  geographic  interest.  J.  L.  McPherson  was  in  charge  of  the 
field  work  and  prepared  the  text  of  the  report.*^  Specimens  of  the 
various  formations  crossed  were  collected  and  submitted  to  the  United 
States  Geological  Survey  for  study.  On  this  account  it  was  not  neces- 
sary to  cover  the  area  surveyed  by  McPherson 's  party  again  when  the 
Nulato-Council  region  was  visited  in  1909.  Reference  to  this  report 
will  be  made  in  moi'e  detail  in  subsequent  pages  of  this  paper. 

In  1908  A.  G.  Maddren  made  an  exploratory  survey  of  Iniioko 
River  and  contiguous  areas.  His  report  on  this  trip,  with  the  accom- 
panying  maps,   affords   considerable     information   concerning   the 

*  Schrader,  F.  C,  Reconnaissance  in  northern  Alaska  In  1901  :  Prof.  Paper  U.  S.  Geol. 
Survey  No.  1>0,  1904,  i:]9  pp. 

^Mendenhall,  W.  C,  Reconnaissance  from  Fort  Hamlin  to  Kotzebue  Sound,  Alaska: 
Prof.  Paper  U.  S.  Geol.  Survey  No.  10.  1901,  68  pp. 

*  Collier,  A.  J.,  Coal  resources  of  the  Yukon,  Alaska :  Bull.  TJ.  S.  Geol.  Survey  No.  218, 
1903,  71  pp. 

*  Atwood,  W.  W.,  Geology  and  mineral  resources  of  parts  of  the  Alaska  Peninsula :  Bull. 
U.  S.  Geol.  Survey  No.  467.  in  preparation. 

"  McPherson,  J.  L.,  Reconnaissance  and  survey  for  a  land  route  from  Fairbanks  to 
CouncU  City,  Alaska:  Sen.  Doc.  No.  214,  59th  Cong.,  2d  sess.,  1907,  22  pp.,  7  maps,  6 
platw. 
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country  south  of  the  Yukon.    Practically  all  the  features  shown  on 
Plate  V  south  of  the  Yukon  were  taken  directly  from  his  maps.** 

GENEBAL  TOPOGBAFHY. 

Throughout  the  Nulato-Council  region  the  relief  is  relatively  low. 
Few  hills  over  3,000  feet  occur  and  the  larger  part  of  the  upland  area 
is  only  about  2,000  feet  above  sea  level.  Although  there  are  no  high 
ranges,  steep  slopes  lead  from  the  flat  river  bottoms  to  the  high- 
lands. In  the  Nulato-Norton  Bay  region  there  are  numerous  parallel 
northeast-southwest  ridges,  the  highest  of  which  forms  the  divide 
between  the  Inglutalik-Ungalik  and  the  Kateel-Gisasa  river  basins. 
The  hills  to  the  north  of  the  East  Fork  of  Koyuk  River  are  low  and 
rolling,  without  pronounced  direction.  Farther  west,  in  Seward  Pen- 
insula, there  are  three  ranges  forming  prominent  landmarks;  these 
are  the  hills  between  Buckland  and  Kiwalik  Rivers,  and  the  Darby 
and  the  Bendeleben  Mountains.  The  higher  points  of  the  first  range 
rise  to  elevations  of  about  2,500  feet;  in  the  Bendeleben  Mountains 
the  highest  point  is  a  little  over  3,700  feet,  and  in  the  Darby  Range 
the  highest  peak  is  about  3,000  feet.  In  the  two  last-named  ranges 
precipitous  slopes  more  than  2,000  feet  high  give  a  very  rugged 
topography. 

Outside  of  these  three  higher  areas  the  uplands  are  rolling,  with 
elevations  from  1,000  to  2,000  feet  above  sea  level,  unforested,  well 
drained,  and  covered  with  angular  fragments  of  frost-riven  waste. 
Pinnacles  of  the  underlying  rocks  form  fantastic  knobs  here  and 
there. 

The  drainage  of  the  region  studied  flows  into  the  Yukon,  into  Nor- 
ton Bay,  into  Norton  Sound,  or  into  Kotzebue  Sound.  The  streams 
belonging  to  the  Yukon  drainage  and  to  the  eastern  part  of  Norton 
Bay  show  pronounced  parallelism  with  the  geological  structure,  and 
long,  narrow  valleys  are  the  result.  The  gradients  of  the  main  valleys 
are  low,  but  those  of  the  small  side  streams  rise  rapidly  headward. 
In  places  the  streams  flow  through  narrow  rock-walled  canyons  of 
slight  depth,  but  in  others  flat  flood  plains  and  gravel  deposits  occur. 
In  the  headward  portions  of  the  basins  complex  relations  of  the 
streams  on  opposite  sides  of  the  divide  are  noted,  and  it  is  by  no 
means  possible  at  long  range  to  foretell  the  direction  of  the  drainage. 
In  Seward  Peninsula,  where  the  geologic  structure  is  more  complex, 
the  effect  on  the  streams  is  not  well  marked  and  irregular  courses  are 
the  rule.  In  this  part  of  the  area  the  longer  streams,  such  as  the 
Koyuk,  the  Kiwalik,  and  the  Tubutulik,  flow  more  or  less  parallel 

•Maddren,  A.  G.,  The  Innoko  gold-placer  district,  Alaska:  Bull.  U.  S.  Geol.  Surrey 
No.  410.  1010,  pis.  I  and  II. 
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with  the  mountains,  but  Fish  River  and  its  larger  tributaries  flow  at 
right  angles  to  the  Bendeleben  Range. 

Aknost  all  the  valleys  show  signs  of  having  been  eroded  entirely 
by  stream  action.  In  the  headwaters  of  the  rivers  rising  in  the 
Bendeleben  and  the  Darby  Ranges,  however,  there  are  glacial  cirques 
and  valleys.  Here  the  present  streams  form  irregular  threads  on  the 
broadly  open  floors  of  valleys  with  very  steep  sides.  At  the  mouths 
of  the  streams  flowing  into  Norton  Bay  many  of  the  streams,  instead 
of  showing  erosion  features,  have  filled  the  former  valleys,  which 
have  been  depressed,  with  sand  and  gravel.  Examples  of  this  kind 
of  topography  are  found  at  the  mouth  of  the  Kwik,  the  Tubutulik, 
and  the  Kwiniuk  Rivers,  where  numerous  lakes  and  sloughs  form  an 
untraversable  network  during  the  summer. 

The  coast  line  presents  numerous  examples  of  different  types  of 
shore  topography.  From  the  Reindeer  Hills  to  the  Koyuk  a  coastal 
plain,  recently  emerged,  affords  a  relatively  straight  shore  with  such 
slight  depths  of  water  off  the  coast  that  approach  for  large  vessels 
is  impossible.  Of  course,  under  such  conditions,  harbors  do  not  exist 
On  the  western  side  of  Norton  Bay  the  sinking  of  the  land  and  the 
attack  of  the  waves  have  resulted  in  a  rugged  coast  with  cliffs  and 
harbors.  This  part  of  the  coast  is  formed  by  the  Darby  Range, 
which  rises  in  abrupt  slopes  from  the  sea  and  forms  a  long  southward 
pointing  peninsula.  West  of  this  range  the  deep  reentrant  of  Go- 
lofnin  Sound  and  Bay,  which  probably  represents  the  submerged 
portion  of  an  old  valley  similar  to  that  of  Fish  River,  affords  a  good 
harbor.  Still  farther  west  rocky  headlands  with  intervening  beaches 
produce  a  diversity  of  forms.  On  the  depressed  portions  of  the  coast 
there  are  sand  spits,  such  as  the  long  point  extending  east  from  near 
the  mouth  of  the  Kwiniuk. 

DRAINAGE   BASINS   INCLUDED. 

ft 

All  the  streams  flowing  through  the  Nulato-Council  region  may 
be  considered  as  belonging  to  one  of  three  main  basins,  namely,  the 
Yukon,  the  Norton  Sound,  and  the  Kotzebue  Sound.  Of  these  the 
first  two  include  by  far  the  greater  number  of  streams.  Roughly 
computed  about  50  per  cent  of  the  area  shown  on  the  maps.  Plates  I 
and  V,  is  drained  by  the  Yukon  and  its  tributaries,  45  per  cent  by 
tributaries  to  Norton  Sound,  and  5  per  cent  by  streams  flowing  into 
Kotzebue  Sound.  In  the  description  of  these  different  basins  no 
attempt  will  be  made  to  enumerate  all  the  streams  belonging  to  each, 
for  that  sort  of  information  may  be  better  gathered  from  the  maps 
(Pis.  I  and  V),  but  rather  to  present  the  particular  features  not  easily 
legible  on  topographic  maps  of  such  scales  as  those  adopted  for 
publication. 
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YUKON  BABIV. 

The  portion  of  the  Yukon  considered  in  this  report  extends  from 
slightly  east  of  the  mouth  of  the  Melozitna  on  the  northeast  to  near 
the  mouth  of  Kaiyuh  Slough  on  the  southwest.  In  this  distance  the 
main  tributaries  are  the  Koyukuk,  the  Nulato,  the  Kaltag,  and  the 
Khotol.  Regarding  these  various  streams,  with  the  exception  of 
the  first  two,  no  new  data  of  geographic  interest  were  received  during 
1909,  and  as  the  facts  already  known  about  the  Kaltag  and  the 
Khotol  are  indicated  on  the  map  accompanying  these  reports,  no 
further  description  of  them  will  be  attempted. 

Kateel  and  Gisasa  rivers  formed  the  portions  of  the  Koyukuk  drain- 
age that  were  visited  and  mapped,  but  only  the  upper  30  to  50  miles 
of  each  stream  were  seen  in  any  detail.  McPherson,  who  crossed 
the  Gisasa  near  latitude  65°  North,  describes  the  valley  as  follows:® 

The  Gisasa  River  is  a  stream  from  70  to  1«50  feet  wide,  witli  graveliy  bottom. 
Along  tlie  river  banks  on  the  north  side  of  the  valley  is  a  heavy  growth  of 
spruce.  Along  the  south  side  of  the  valley  timber  grows  in  scattered  bunches, 
the  intervening  ground  being  to  a  considerable  extent  marshy  and  nlggerhead 
tundra. 

From  the  survey  of  1909  it  was  found  that  the  Gisasa  Basin  was  a 
peculiar,  narrow  one,  lying  between  the  Nulato  on  the  southeast  and 
the  Kateel  on  the  northwest.  The  river  from  mouth  to  head  near 
Camp  A9  must  be  nearly  70  miles  in  a  direct  line.  In  this  distance 
few  or  no  tributaries  much  more  than  10  miles  in  length  are  received. 
The  basin  is  thus  probably  less  than  a  score  of  miles  wide  in  its 
widest  part,  and  in  the  headward  50  miles  it  is  generally  much  less. 

As  will  be  shown  in  a  later  portion  of  this  report  the  dilution 
and  the  general  physical  features  of  the  Gisasa  Valley  are  due  to  the 
geologic  structure  of  the  region,  which  trends  northeast-southwest. 
Although  in  portions  of  its  course  the  river  flows  on  a  flat  gravel 
plain  es8entially  at  the  level  of  the  stream^  in  other  parts  it  has  rock 
walls  through  which  the  stream  has  cut  narrow  canyons.  These 
canyons  are  not  continuous,  but  appear  at  irregular  intervals  along 
the  valley.  None  of  the  canyons  are  deep,  only  a  few  of  the  rock 
walls,  if  any  of  tliem,  reaching  a  height  of  50  feet.  Above  the  steeply 
incised  walls  a  more  open  valley  is  usually  found,  which  indicates 
rather  recent  minor  deformation  of  an  anterior  topography. 

The  Kateel  Basin  was  seen  in  less  detail  by  the  writers,  but  its 
general  features  are  essentially  similar  to  those  of  the  Gisasa,  except 
that  its  valley  is  wider  and  it  has  longer  tributaries.  From  the 
survey  of  McPherson  it  was  determined  that  Arvesta  and  Caribou 
creeks  are  tributaries  of  the  Kateel.  The  former,  where  it  was 
crossed,  near  latitude  65°  north,  is  from  50  to  70  feet  wide  and  from 
1  to  3  feet  deep.    The  latter  is  much  smaller  and  runs  at  an  elevation 

•McPherson,  J.  L.,  op.  cit.,  p.  17. 


20  BECONNAISSANCE  IN   SEWABD  PENINSULA  AND 

about  600  feet  higher.  Prospectors  who  crossed  the  region  somewhat 
north  of  McPherson's  route  state  that  the  volume  of  the  Kateel  is 
much  smaller  than  that  of  the  Gisasa. 

A  general  idea  of  the  Kateel  Basin  was  afforded  by  a  view  from 
Traverse  Peak,  though  the  weather  was  unfavorable  for  a  thoroughly 
satisfactory  observation  of  the  topography-  From  this  point  it  was 
evident  that  the  northeasterly  trend  observed  in  the  Gisasa  Valley 
was  still  dominant.  The  divide  along  the  western  margin  of  the 
basin  ran  nearly  north  and  south,  so  there  is  a  considerable  area 
tributary  to  this  river.  Low  passes  lead  from  the  Kateel  into  the 
Ungalik,  or  into  the  Inglutalik,  and  probably  into  the  Buckland.  The 
pass  from  the  Kateel  to  the  Buckland  was  not  actually  seen,  but 
enough  of  the  drainage  arrangement  was  evident  to  show  that  some 
of  the  western  tributaries  joining  the  Kateel  below  its  junction  with 
Arvesta  Creek  head  in  the  low  hills  east  of  the  Bucldand,  so  that  an 
ea^  route  undoubtedly  exists  between  the  two  rivers* 

The  Nulato  River  Basin  is  long  and  narrow,  being  formed  by  two 
large  streams  occupying  strike  valleys  that  coalesce  a  few  miles  from 
the  Yukon  and  below  this  point  are  transverse  to  the  structure.  The 
main  branch  is  about  50  miles  long  in  a  straight  line.  Its  valley  has 
a  broad  gravel-filled  floor  on  which  the  stream  meanders  in  irregular 
pattern.  It  will  be  seen  from  the  map  of  this  valley  that,  although 
lying  parallel  with  the  Yukon  and  not  more  than  20  or  at  most  25 
miles  away  from  that  stream,  it  drains  northeastward,  whereas  the 
Yukon  in  that  part  of  its  course  flows  southwestward.  This  results 
in  a  more  than  right-angled  turn  near  the  mouth  of  the  Nulato,  and 
suggests  that  the  physiographic  development  of  the  streams  has  been 
complex.  Smooth  slopes  rise  steeply  from  the  valley  floor  to  the 
relatively  even  uplands.  On  the  southeastern  side  high  hills  scored 
by  narrow  gulches  preserve  the  snowfall  late  in  the  summer.  The 
volume  of  water  carried  by  the  main  branch  is  therefore  more  con- 
stant throughout  the  season  than  is  the  case  of  those  streams  depend- 
ent upon  the  rainfall.  Passes  easily  traversable  by  horses  lead  from 
the  Nulato  Basin  to  that  of  the  Gisasa,  of  the  Shaktolik,  and  prob- 
ably also  of  the  Unalaklik. 

NORTON  SOUND  DRAINAOE. 
TBIBUT ABIES   OF   NOBTON    SOUND  EAST  OF  KOYUK  SIVEB. 

East  of  Koyuk  River  the  main  streams  belonging  to  the  Norton 
Sound  drainage  from  south  to  north  are  the  Unalaklik,  the  Shaktolik, 
the  Ungalik,  and  the  Inglutalik.  All  of  these  rivers  show  pro- 
nounced angular  bends  on  a  large  scale,  most  of  which  are  to  be 
accounted  for  by  the  geologic  structure  of  the  region.  This  condi- 
tion is  best  illustrated  bv  the  three  northern  streams,  whose  basins 
are  almost  completely  mapped.     It  will  be  seen  from  the  map  that 
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for  the  first  5  or  10  miles  «  in  a  straight  line  from  the  coast  the  rivers 
flow  in  winding  courses  at  a  right  angle  to  the  shore.  Upstream 
from  this  point  the  course  abruptly  changes,  and  for  the  next  10  to 
30  miles  the  rivers  have  a  nearly  north-south  trend.  Still  farther  up- 
stream the  direction  again  changes,  and  the  streams  flow  from  the 
northeast  or  even  from  the  east-northeast 

Taken  as  a  whole,  the  three  rivers  have  narrow,  rather  contracted 
basins  in  the  middle  or  north-south  part  of  their  courses,  because  few 
tributaries  enter  from  the  east  and  west ;  in  the  upper  part,  however, 
because  the  main  streams  are  flowing  more  or  less  across  the  geolo^c 
structure,  the  side  streams  are  long  and  the  area  tributary  to  the 
main  streams  is  therefore  more  extensive.  Rock-walled  canyons, 
separated  from  each  other  by  gravel-filled  basins,  bear  witness  to 
recent  crustal  movements  throughout  the  area. 

Unalaklik  River  was  not  visited  by  the  survey  party  in  1909,  but 
portions  of  it  are  well  known,  because  the  portage  from  the  Yukon  to 
St.  Michael  follows  the  lower  part  of  this  stream.  A  long  branch 
joining  from  the  north  heads  against  the  Shaktolik  River,  and  it  is 
probable  that  an  easy  pass  across  the  hills  to  Nula to.  River  exists.  The 
northeast-southwest  trend  of  the  drainage  and  the  intricacy  of  stream 
arrangements  make  it  difficult  to  interpret  the  topography  at  long 
range.  It  is  possible,  therefore,  that  the  Shaktolik  may  extend  far- 
ther around  the  head  of  Nulato  River  than  was  evident  at  a  distance, 
so  that  there  may  be  more  than  one  divide  between  Nulato  and 
Unalaklik  rivers. 

North  of  the  Unalaklik  is  a  rather  small  stream,  the  Iguik,  which 
drains  the  triangular  area  between  the  Unalaklik  and  the  Shaktolik. 
Its  drainage  basin  is  at  most  only  a  few  hundred  square  miles  in  area. 

Although  previously  mapped  as  a  rather  unimportant  river,  the 
Shaktolik  drains  a  considerable  territory  between  the  Ungalik  on  the 
north  and  the  Unalaklik  on  the  south.  Its  course  is  so  irregular  that 
it  can  with  difficulty  be  recognized  at  any  considerable  distance.  The 
Shaktolik  was  first  seen  in  detail  near  camp  AlO.  At  this  place  its 
course  was  nearly  due  north,  giving  the  impression  that  it  flowed 
northward  into  the  Ungalik.  Near  camp  A13,  however,  it  joined 
with  a  branch  from  the  south  and  formed  a  good-sized  stream.  From 
the  small  increase  in  the  size  of  the  northern  branch  between  camp 
AlO  and  its  junction  east  of  camp  A13  it  seems  certain  that  only  a 
few  tributaries  enter  between  these  two  places. 

Near  camp  AlO  the  river  is  incised  in  a  narrow  rock- walled  canyon 
about  30  feet  deep.  Above  the  canyon  walls  the  topography  opens 
out  into  a  broad  older  valley  which  had  reached  maturity  before  the 
uplift  took  place  by  which  the  present  cycle  was  started.    The  floor 

•The  figures  given  represent  measurements  In  an  air-Une  and  not  along  the  circuitous 
courses  of  the  streams. 
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of  this  older  valley'is  in  large  measure  rock  cat  with  a  relatively 
small  amomit  of  gravel  covering.  Well-ronnded  material,  however, 
is  practically  universally  present  and  affords  indisputable  proof  of 
the  presence  of  stream  erosin  at  this  higher  level  Near  oamp  A1& 
the  canycm-like  character  is  wanting.  Four  or  5  miles  below  camp 
A14  incised  meanders,  with  radii  of  from  one-half  mile  to  1  mile, 
occur.  Here  the  walls  are,  for  the  most  part,  gravel,  with  the  bed- 
rock not  exposed.  It  is  believed  that  the  differences  in  the  amoimt 
of  filling  and  incision  noted  along  this  stream  are  due  to  the  nnduhr 
tory  character  of  the  most  recent  uplift 

No  accurate  determinations  were  made  of  the  volume  of  the  Shak*? 
tdik,  but  from  float  measurements  near  camp  A12  it  was  found  that 
the  discharge  was  between  150  and  200  second-feet  The  tribiitaxy 
from  the  north  joining  east  of  camp  A13  was  of  about  equal  vol- 
ume, and  below  camp  A14  the  amount  of  water  had  inoreaaed  to. 
such  an  extent  that  the  stream  could  be  crossed  only  with  dilBcutty. 
In  this  connection  it  should  be  noted  that  1909  was  an  exceptionally 
dry  seascm,  so  that  a  greater  volume  is  to  be  expected  during  a  year 
of  normal  precipitation.  . 

Ungalik  Biver  shows  the  same  characters  as  the  other  stnaniB 
tributary  to  Norton  Bay  from  the  east  Its  basin  shows  the  three 
distinct  part^  previbusly  referred  to,  namely,  an  open  east  and  west 
course  through  the  coastal  plain  province,  a  narrow  north  and  south 
portion  parallel  to  the  geological  structure  of  the  region,  and  a 
northeast  and  east-northeast  course  in  the  headward  portion.  In 
this  upper  part  the  basin  shows  the  same  feature  previously  noted  on 
the  Shaktolik,  namely,  that  the  tributaries  from  the  south  are  longer 
than  those  from  the  north,  so  that  the  basin,  if  the  main  stream 
be  considered  as  its  axis,  is  decidedly  unsymmetrical.  This  lack  of 
symmetry  seems  to  be  due  to  three  causes,  namely,  structural  con- 
trol, climatic  conditions,  and  tilting.  Asymmetrical  valleys  are 
common  in  Alaska,  and  have  previously  been  described  by  different 
authors.  An  epitome  of  the  various  causes  with  reference  to  a  spe- 
cific region  has  been  published  by  Goodrich."  It  was  pointed  out 
by  this  geologist  that  the  effect  of  insolation  differs  according  to  the 
condition  of  the  stream  as  to  load ;  thus,  if  the  stream  is  overloaded, 
the  tendency  will  be  for  the  waste  to  push  the  stream  toward  the 
side  receiving  the  least  sun,  whereas,  if  the  stream  is  not  carrying  all 
the  material  it  can  the  reverse  tendency  will  dominate,  and  the 
stream  will  migrate  toward  the  side  receiving  the  most  sun.  Plate 
II,  J.,  shows  one  of  the  tributaries  of  the  Shaktolik  below  camp  A12, 
which  is  migrating  toward  the  north  because  the  stream  is  under- 
loaded and  the  south-facing  slope  receives  more  warmth  than  the 

•Goodrich,  II.  B.,  Cause  of  asymmetry  of  streams:  Eighteenth  Ann.  Kept.  U.  S.  Geo!. 
Survey,  pt.  3,  1898,  pp.  285-280. 


ASYMMETRIC  VALLEY,  SHAKTOLIK  BASIN, 


8.    UPLANDS  BETWEEN  EAST  FORK  AND  INSLUTALIK  RIVCR. 


KOBTON   BAY-NULATO  BEGION,   ALASKA.  23 

other.  In  a  consideration  of  the  development  of  the  drainage  it 
should  be  borne  in  mind  that  types  due  to  one  cause  alone  are  prac- 
tically ahsent  and  that  complexity  of  origin,  rather  than  simplicity, 
is  normal. 

From  Ungalik  River  passes  may  be  found  into  the  Inglutalik  to 
the  north  or  to  the  Kateel  on  the  east,  or  into  the  Shaktoltk  on  the 
south.  None  of  these  passes  tare  over  3,000  feet  above  the  sea,  and 
many  could  be  found  at  elevations  below  2,500  feet.  The  saddle  by 
which  McPherson  crossed  from  tlie  Kateel  to  the  Ungalik  was  only 
a  little  over  2,000  feet. 

As  regards  size,  the  Ungalik  is  not  so  large  as  the  Shaktolik.    Two 
miles  below  camp  Al6  tlie  stream  could  be  crossed  in  less  than  2 
feet  of  water,  and  farther  upstream  it  was  still  shallower  except  for 
occasional  deep  holes.     Lower  downstream,  however,  in  the  coastal 
plain  portion  of  its  course,  it  becomes  deeper  and  sluggish,  and  in- 
stead  of  a  hard  grav- 
elly bottom  it  has  a  soft 
mud  bottom  that  makes 
crossing   difficult   with- 
out a  boat. 

Inglutalik  River  de- 
rives its  name  from  the 
Eskimo  words  meaning 
"  river  of  bones,"  in  ref- 
erence to  the  number  of 

mastodon    and    other      _  ,  „    .  

,  ,         J    ■      -I       .  Belatlvely  weakrochs  Resistant  rocks 

bones  found  in  he  ter-  ^.^^^^  2._A™gP,»«.t  of  ar.in.g«  aoe  to  woiogi= 
race  of  gravels  along  its  airucinrp. 

course.  It  is  at  least  GO  miles  long  and  appears  to  have  a  greater 
volume  of  water  than  either  the  Shaktolik  or  the  Ungalik.  Below 
camp  A18,  in  the  coastal  plain  province,  the  river  can  not  be  forded; 
at  camp  Al8  is  the  first  riffle,  and  on  it  good  crossing  in  about  2  feet 
of  water  is  afforded.  Poling  boats  have  been  taken  as  far  as  camp 
B9,  and  during  seasons  of  normal  precipitation  could  undoubtedly  be 
worked  still  further  upstream. 

In  the  upper  part  of  the  Inglutalik  Basin  the  drainage  is  very  com- 
plex, and  many  readjustments  have  taken  place,  so  that  at  a  distance 
of  5  or  6  miles  it  is  impossible  to  tell  whether  the  river  drains  toward 
the  north  or  the  south.  Backhand  or  barbed  drainage  is  common. 
It  should  be  noted,  however,  that  this  feature  is  not  always  to  be  ac- 
counted for  by  capturing,  but  in  many  instances  is  due  to  the  geo- 
logical structure.  Figure  2  indicates  in  diagrammatic  manner  how 
a  normally  developed  subsequent  stream  (A)  may  have  a  barbed 
junction  with  the  main  stream  without  capturing  having  taken 
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place.  In  this  same  figure  stream  B  is  also  a  normally  developed 
subsequent  stream,  but  as  the  soft  bed  on  which  it  has  developed 
forms  an  acute  angle  with  the  course  of  the  main  stream  the  tribu- 
tary enters  without  the  barbed  junction. 

Low  passes  easily  traversed  by  horses  lead  from  the  Inglutalik 
into  the  Kateel  basin  to  the  northeast ;  into  the  Ungalik  on  the  south ; 
into  the  Koyuk  on  the  west ;  and  into  the  Buckland  on  the  north.  It 
is  reported,  although  it  was  not  confirmed  by  personal  observation, 
that  part  of  the  Selawik  drainage  also  heads  against  the  Inglutalik. 
There  are  no  known  facts  which  would  make  such  a  condition 
unlikely,  but  the  region  in  question  is  so  entirely  unexplored  that 
conjectures  as  to  the  drainage  are  hardly  warranted.  The  only 
information  on  this  subject  is  Zagoskin's  trip  up  the  Kateel  to  near 
the  big  bend,  in  65°  30'  north  latitude.  According  to  this  traveler 
a  low  pass  leads  from  near  this  point  northwest  to  the  Buckland.  It 
should  be  realized,  however,  that  Zagoskin  did  not  attempt  the  pas- 
sage; that  there  may  have  been  a  misunderstanding  as  to  the  river 
on  the  western  side  of  the  divide,  and  that  it  is  possible  his  inform- 
ants were  not  correct  in  their  geography.  From  the  present  status 
of  knowledge  it  seems  more  likely  that  a  pass  northwest  of  the  big 
bend  of  the  Kateel  would  lead  into  a  north-flowing  branch  of  the 
Selawik  than  to  a  west-flowing  branch  of  the  Buckland. 

KOTUK   BIVEB. 

Koyuk  River  enters  the  northern  reentrant  of  Norton  Bay  and 
is  a  river  over  80  miles  long.  For  the  first  15  miles  from  the  mouth 
it  has  a  nearly  southerly  coui^se,  but  above  this  point  it  flows  more  or 
less  directlv  from  the  west  toward  the  east.  For  00  miles  or  so  its 
tortuous  meanders  make  measurements  along  the  river  many  times 
the  air-line  distance.  Mendenhall  and  Peters  in  1900  travei-sed  the 
river  as  far  west  as  the  head  of  canoe  navigation  a  few  miles  above 
Knowles  Creek,  and  the  details  of  their  map  have  been  taken  for 
the  course  of  this  stream.  In  1903  ^  MoflSt  and  Witherspoon,  map- 
ping the  northeastern  part  of  Seward  Peninsula,  added  many  facts 
concerning:  the  Kovuk  basin  north  of  the  main  stream  and  c^n- 
cerning  the  river  itself  beyond  the  point  reached  by  Mendenhall 
and  Peters  in  1900. 

From  the  observations  of  the  earlier  geologists  and  topographers, 
supplemented  by  the  field  work  of  1909,  it  appears  that  the  Koyuk 
basin  is  unsvmmetrical.  Of  the  various  tributaries.  East  Fork  un- 
doubtedly  drains  the  largest  territory.  Its  basin  is  about  30  miles 
long,  heading  against  portions  of  Buckland  and  Inglutalik  river 
basins.     Many  low  passes  lead  from  the  East  Fork  basin  into  the 


«Mofllt,  F.  H.,  Tlu'  Falrhaven  gold  placers,  Seward  Peninsula:  Bull.  U.  S.  Geol.  Survey 
No.  247.  1905.  pis.  II  and  III. 
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Buckland.  Probably  the  lowast  pass  is  by  way  of  the  branch  on 
which  camp  B12  was  located.  The  elevation  of  this  camp  was  ap- 
proximately 300  feet  above  the  junction  of  East  Fork  and  the 
Koyuk,  and  as  there  is  a  strong  upstream  current,  due  to  the  tides, 
as  far  as  the  mouth  of  Peace  River,  it  is  safe  to  assume  that  the 
mouth  of  East  Fork  is  practically  at  sea  level.  North  of  camp  B12 
there  is  a  broad  abandoned  valley  in  which  there  are  several  lakes. 
Some  of  these  drain  northward  and  some  southward.  The  elevation 
of  these  lakes  is  not  more  than  100  feet  above  the  camp,  so  it  is 
certain  that  there  is  a  route  across  Seward  Peninsula  from  Norton 
Sound  to  Kotzebue  Sound,  nowhere  more  than  400  feet  above  sea 
level. 

TKIBUTASIES   OF  NOBTON   SOUND   WEST  OF   K0YT7K   BIVEB. 

West  of  Koyuk  River  the  main  tributaries  of  Norton  Sound  from 
east  to  west  are  Kwik,  Tubutulik,  Kwiniuk,  and  Fish  rivers.  All 
of  these  streams  are  mainly  within  the  area  occupied  by  metamorphic 
rocks  of  complex  structure  and  consequently  do  not  show  by  their 
courses  the  striking  structural  control  noted  in  the  rivers  farther 
east.  Because  of  the  greater  amount  of  information  available  con- 
cerning the  region  west  of  the  Koyuk,  the  map  of  southeastern  Sew- 
ard Peninsula  (PI,  I)  shows  the  distribution  and  character  of  these 
rivers  in  greater  detail  than  was  possible  on  the  smaller  scale  map 
adopted  for  the  Nulato-Norton  Bay  region  (PI.  V). 

Kwik  River  is  a  small  stream  about  20  miles  long  flowing  in  the 
main  on  a  very  flat  slope  in  a  circuitous  course  in  a  gravel-filled  basin. 
It  heads  in  the  divide  between  Norton  Bay  and  the  east-west  portion 
of  the  Kovuk.  Passes  lead  across  this  divide  at  low  elevations.  The 
lowest  pass  is  by  way  of  the  branch  on  which  camp  C4  was  located. 
At  this  point  a  broad,  open  saddle  at  an  elevation  of  only  a  little  more 
than  600  feet  affords  an  easv  route  from  one  basin  to  the  other.  The 
most  characteristic  feature  of  this  basin  is  the  flat  lowland  through 
the  lower  three-quarters  of  the  area  and  the  short,  rather  steep  gra- 
dients of  the  streams  above  the  point  where  they  enter  the  flats. 

Tubutulik  River  had  previously  been  traversed  by  Mendenhall  and 
Peters,  so  that  few  notes  concerning  the  stream  arrangements  were 
collected  in  1909.  In  the  main  this  basin  is  parallel  with  the  igneous 
intrusions  of  the  Darby  Range,  but  above  Lost  Creek,  where  the  gran- 
ites disappear,  the  course  for  several  miles  is  more  nearly  east  and  west. 
Above  this  point  its  general  direction  is  north  and  south.  In  this 
part  of  its  course  is  a  lowland,  locally  known  as  Death  Valley,  which 
is  elliptical  in  outline  and  about  7  miles  long  by  5  miles  wide. 
North  of  Death  Valley  the  headwater  streams  rise  in  the  high  eastern 
extension  of  the  Bendeleben  Mountains  and  flow  on  steep  gradients 
into  the  Death  Valley  Basin.    The  lower  5  to  10  miles  of  the  Tubutulik 
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basin  is  formed  by  swampy  lowlands  similar  to  those  at  the  mouth  of 
the  Kwik.  In  fact,  the  area  between  the  lower  porti(ms  of  these 
streams  is  practically  undivided,  and  it  would  be  almost  impossible 
to  determine  just  what  portion  of  the  flat  was  tributary  to  one  stream 
and  what  to  the  other. 

Measured  in  a  straight  line  from  its  head  to  its  mouth,  the  Tubu- 
tulik  is  about  40  miles  long,  but  its  numerous  meanders  make  the  dis- 
tance along  the  river  much  greater.  Several  low  passes  lie  between 
the  Tubutulik  and  the  Kwik  on  the  east,  the  Koyuk  on  the  north,  and 
the  tributaries  of  the  Fish  on  the  west.  The  ridge  between  the  Tubu- 
tulik and  the  Kwik  nowhere  exceeds  1,000  feet,  so  that  at  the  heads  of 
the  tributaries  are  many  places  where  passages  at  elevations  of  600  to 
800  feet  may  be  found.  Between  the  Tubutulik  and  the  Koyuk  there 
are  two  low  saddles  where  the  elevation  does  not  exceed  1,000  feet. 
The  most  important  of  these  saddles  is  the  one  east  of  Death  Valley, 
where  the  trail  from  Nome  to  Candle  crosses  the  divide.  At  this  place 
the  elevation  is  only  a  little  more  than  800  feet  above  sea  level.  The 
low  saddle  is  north  of  the  north  fork  of  the  Tubutulik  and  leads  into 
Timber  Creek,  a  tributary  of  the  Koyuk.  This  pass  is  broadly  open 
and  has  several  small  lakes  scattered  on  the  flat  divide.  Between  Tu- 
butulik and  Fish  rivers  there  are  two  or  three  low  passes,  but  the  one 
taken  advantage  of  by  the  telephone  lines  is  perhaps  the  lowest. 
North  of  this  one,  however,  near  camp  C8,  there  is  a  saddle  at  an  ele- 
vation of  about  1,000  feet,  by  which  horses  can  easily  cross  from  the 
Tubutulik  into  the  Fish  River  basin. 

Southwest  of  the  Tubutulik  the  Kwiniuk  River  drains  an  area  of 
approximately  100  square  miles.  It  has  an  extremely  irregular 
course,  its  bends  in  the  main  being  dominated  by  the  general  north- 
south  geologic  structure.  It  has  many  side  streams  joining  it  in  back- 
hand manner.  This  is  especially  true  in  the  portion  around  camp 
C14.  About  2  miles  south  of  this  point  there  is  a  long  tributary 
coming  in  from  the  west  which  makes  a  sharp  bend  and  cuts  across 
the  prevailing  structure  to  join  the  Kwiniuk;  2  miles  north  of  camp 
C14  also  there  is  a  stream  flowing  almost  due  south  until  it  enters  the 
northeastward-flowing  Kwiniuk.  It  is  believed  that  some  of  these 
abnormal  features  may  be  explained  by  the  obstniction  of  the  drain- 
age by  deposits  formed  by  valley  glaciers  from  the  Darby  Range, 
which  have  prevented  a  former  direct  course  to  the  sea. 

The  Kwiniuk  basin  is  about  80  miles  long  and  is  on  the  whole 
rather  narrow.  In  places  rock  walls  constrict  the  river,  but  in  other 
places  there  are  gravel-filled  basins  of  small  extent  in  which  the  river 
splits  into  many  separate  channels.  At  the  mouth,  the  river  flows  on 
the  broad  gravel  deposits  (which  probably  represent  basin  filling) 
that  merge  with  the  flats  at  the  mouths  of  Tubutulik  and  Kwik 
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rivers.  In  this  part  of  its  course  the  basin  is  characterized  by  an 
intricate  network  of  sloughs  and  channels  impossible  to  traverse 
in  summer. 

Fish  River  is  the  largest  stream  west  of  the  Koyuk.  Between  it 
and  the  Kwiniuk  many  streams  heading  in  the  north-south  Darby 
Range  flow  in  short  courses  eastward  into  Norton  Sound  or  westward 
into  Golofnin  Sound.  Fish  River,  like  the  Koyuk,  was  ascended  by 
Mendenhall  and  Peters  in  1900,  and  the  form  of  the  main  river  has 
been  taken  directly  from  their  map.  It  is  an  extremely  tortuous 
stream  in  its  lower  and  middle  course,  but  in  its  head  ward  part  and 
for  a  short  distance  in  the  so-called  Fish  River  gorge  it  is  an  actively 
degrading  stream.  In  the  lower  part  the  river  splits  into  numerous 
distributaries  on  the  delta,  and  its  flow  is  so  sluggish  that  it  is  diffi- 
cult to  distinguish  the  main  channel  from  blind  sloughs.  Steam 
river  boats  ascend  the  river  as  far  as  White  Mountain,  but  above  this 
point  as  far  as  Council,  on  the  Niukluk,  or  as  far  as  Mosquito  Creek, 
on  the  main  river,  horse  boats  are  used. 

Above  the  junction  of  Niukluk  and  Fish  rivers  the  valley  of  the 
main  stream  is  constricted  and  the  river  flows  through  a  gorge  with 
rather  steeply  sloping  walls  for  a  distance  of  about  10  miles.  Up- 
stream from  the  gorge  the  valley  opens  out  and  the  floor  is  a  flat 
gravel-covered  plain  15  miles  wide  parallel  with  the  direction  of  the 
stream  and  30  miles  long  transverse  to  this  direction.  This  part  of 
the  basin  is  an  unexplained  physiographic  feature.  The  plain  is 
dotted  with  lakes  and  sloughs  slightly  sunk  below  the  general  level 
of  the  surface.  Here  and  there,  irregularly  distributed,  are  low 
gravel  mounds  from  10  to  50  feet  in  height,  that  seem  to  mark  former 
deposits  so  dissected  that  perhaps  not  one-hundredth  of  their  original 
extent  is  .preserved. 

The  main  tributaries  from  the  west  are  Niukluk  and  Pargon  rivers. 
The  former  rises  in  the  Bendeleben  Mountains  and  the  hills  to  the 
South  about  20  miles  west  of  the  mapped  area.  The  Pargon,  some- 
times incorrectly  called  the  Parantulik,  rises  in  the  high  east-west 
range  which  forms  the  eastern  extension  of  the  Bendeleben  Moun- 
tains. It  flows  along  the  southern  margin  of  the  Fish  River  basin 
for  nearly  20  miles  before  entering  the  main  stream.  From  the  east 
the  main  tributaries  of  Fish  River  are,  from  south  to  north,  Etchepuk 
and  Rathlatulik  rivers  and  Mosquito  Creek.  All  of  these  rise  in  the 
high  Darby  Range  that  forms  the  eastern  border  of  the  Fish  River 
basin.  In  their  headward  portions  they  all  flow  in  rather  youthful 
valleys  with  fairly  steep  gradients,  but  as  they  cross  the  flats  their 
slopes  decrease,  and  they  flow  in  sinuous  courses  slightly  incised 
below  the  level  of  the  plain. 
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KOTZEBUE  BOVKS  SBAXVAOE. 

The  only  portion  of  the  Buckland  or  other  Kotzebue  Sound  drain- 
age seen  was  between  camps  B5  and  B13.  In  this  region  only  the 
headward  part  of  some  of  the  streams  belonging  to  the  Buckland 
were  observed  near  at  hand,  and  therefore  few  additional  data  as  to 
the  larger  features  of  the  basin  as  a  whole  were  obtained.  It  seems, 
however,  that  the  area  of  this  basin  has  been  in  large  measure  ex- 
aggerated. From  the  mouth  of  the  Buckland  to  the  divide  between 
that  river  and  the  East  Fork  of  the  Koyuk  in  a  straight  line  the  dis- 
tance is  between  50  and  00  miles,  and  from  the  mouth  to  the  divide 
near  camp  Bf)  is  only  a  little  over  60  miles. 

Like  manv  of  the  other  basins  which  have  been  carved  mainlv  on 
bedded  sediments  of  Mesozoic  age  in  this  part  of  Alaska,  the  basin 
of  the  Buckland  tributary  streams  shows  pronounced  structural 
control.  This  results  in  an  irregular  distribution  of  narrow  valleys 
parallel  to  the  geological  structure  of  the  region,  with  transverse 
gorges.  In  this  kind  of  topography  the  recognition  of  the  true  direc- 
tion of  the  drainage  from  a  distance  is  almost  impossible.  The  west- 
ern branch  of  the  Buckland,  visible  from  Bear  Creek  (north  of  camp 
B13)  flows  in  a  broad,  flat  valley,  the  average  gradient  of  the  stream 
from  mouth  to  head  probably  not  exceeding  6  to  8  feet  a  mile.  In 
the  descriptions  of  Quackenbush®  and  of  the  earlier  surveys  by 
Captain  Kellett  and  other  officers  of  H.  M.  S.  Herald  and  Plover^  it 
is  stated  that  the  Buckland  is  navigable  in  light  boats  for  about  CO 
miles  as  measured  along  the  river's  course,  that  is,  as  far  as  the  forks 
of  the  stream  about  20  miles  north  of  the  Koyuk-Buckland  divide. 

The  low  pass  from  Buckland  to  the  east  fork  of  Koyuk  River 
has  already  been  described.  A  pass  from  the  Buckland  into  the 
Kiwalik  basin  by  way  of  Bear  Creek  has  been  utilized  by  a  road  from 
the  mining  camp  on  Bear  Creek  to  Candle.  The  divide  between  the 
Buckland  ana  the  Inglutalik  is  low,  and,  although  usually  covered 
with  dense  brush,  it  offers  no  considerable  obstruction  to  crossing 
from  one  drainage  basin  into  the  other. 

UPLANDS. 

As  has  already  been  stated,  the  relief  in  the  Nulato-Council  region 
is  relatively  low.  Few  hills  are  more  than  3,000  feet  high,  and  the 
larger  part  of  the  upland  is  probably  not  more  than  2,000  feet  above 
sea  level.  There  are,  therefore,  but  small  differences  in  elevation  be- 
tween the  uplands  and  the  lowlands  and  still  less  between  different 
portions  of  the  upland.  This  results  in  producing  a  sky  line  uninter- 
rupted by  any  considerable  inequalities. 

«  Qiinckenbiiflh,  L.  S.,  Notes  on  Alaskan  mammoth  expeditions  of  1907-8  :  Bull.  Am.  Mus. 
Nat.  Hist.,  yol.  26.  1909. 
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Smooth,  rolling  uplands  are  particularly  characteristic  of  the 
East  Fork-Inglutalik  divide.  In  this  part  of  the  field  the  features 
are  slightly  dissected,  rounded  domes,  with  gentle  slopes  merging  with 
the  present  valley  walls  by  a  series  of  benches.  Plate  II,  B  (p.  22), 
shows  a  typical  portion  of  this  upland  and  is  characteristic  in  a  broad 
way  of  the  divides  between  most  of  the  minor  drainage  basins.  On 
such  uplands  traveling  is  good,  as  the  surface  is  well  drained  and  the 
frost-disintegrated  fragments  afford  good  footing.  Not  only  are  up- 
lands of  this  type  found  in  the  regions  where  unmetamorphosed  sedi- 
mentary rocks  form  the  bed  rock,  but  they  are  also  characteristic  of 
parts  of  the  schist  region — as,  for  instance,  at  the  head  of  Kwik 
River. 

Even  the  higher  and  more  rugged  divides  here  and  there  show 
a  somewhat  flat-topped  character.  Thus,  on  both  sides  of  the  Koyuk- 
Buckland  lowland  there  are  numerous  flat-topped  hills,  some  a  mile 
or  so  in  width,  carved  on  materials  very  different  both  in  composition 
and  in  apparent  resistance  to  weathering.  This  feature  is  also  seen 
in  the  hills  north  of  Death  Valley  on  the  Tubutulik.  On  one  of  these 
hills  north  of  camp  C7  a  profile  similar  to  figure  3  was  observed  which 
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Figure  3. — Profile  of  hill  north  of  camp  C7,  at  head  of  Tubutulik  River. 

showed  at  least  five  flats  from  a  quarter  to  half  a  mile  wide.  These 
have  been  produced  on  a  complex  structure  of  schists,  thin  limestones, 
and  granites. 

The  two  main  mountainous  regions  are  (1)  the  divide  between  the 
Yukon  and  the  Norton  Bay  drainages,  called  by  McPherson  the 
Brooks  divide,  and  (2)  the  Darby  and  Bendeleben  mountains.  In  the 
former  the  general  trend  is  north  and  south,  with  the  highest  points 
only  little  more  than  3,000  feet  in  elevation  and  the  average  much 
less.  Conical  peaks  rising  500  to  800  feet  above  their  neighbors  afford 
easily  recognizable  landmarks,  visible  for  long  distances.  A  few  steep, 
rocky  crags  were  seen,  but  all  are  easily  scalable.  In  the  Darby  and 
the  Bendeleben  mountains  the  trend  of  the  former  is  predominantly 
north  and  south  and  of  the  latter  east  and  west,  so  that  together  they 
form  a  crescentic  highland  area.  The  crest  line  of  this  range  is 
ragged  and  irregular,  being  in  places  close  to  the  north  and  west  side 
of  the  range  and  at  others  close  to  the  south  or  east  side.  Here  and 
there  the  crest  line  is  so  narrow  that  passage  even  on  foot  is  hazardous, 
and  blocks  of  waste  disturbed  in  passing  roll  hundreds  of  feet  down 
the  slope  before  finding  lodgment.  This  is  true  particularly  of  the 
Bendeleben  Mountains,  where  glacial  action  of  the  alpine  type  has 
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been  effective  in  the  past  In  certain  parts  of  the  Darby  Baage  also 
this  same  agency  has  produced  similar  uplands.  Plate  IH^  J.,  shows 
a  portion  of  the  Darby  Range  much  dissected  by  glaciation  and  illus- 
trates the  narrow  pinnacled  character  of  the  upland  that  resultB. 
Such  divides  are  not  due  to  valley  glaciers  having  covered  the  npland, 
but  are  the  result  of  headward  erosion  on  opposite  sides  of  the  ridge. 
Kegarding  the  origin  of  the  uplands,  there  has  been  no  dear  evi- 
dence found  to  indicate  the  crffective  causes.  As  will  be  explained  in 
detail  later,  it  is  known  that  the  deformation  which  Uxk  place  after 
the  deposition  of  the  Cretaceous  sediments  was  so  great  that  a&y 
topography  formed  prior  to  this  event  must  have  been  so  diaaged  as 
to  have  little  or  no  effect  on  the  present  topography.  The  surCaee 
therefore  has  been  formed  between  the  Eocene  and  the  present  time. 
It  is  known  that  none  of  the  mountains  indicated  by  the  dips  of  the 
strata  formed  by  the  folding  are  preserved  at  the  present  time  in  this 
region.  The  upland  surface  has  therefore  been  produced  by.  erosiODy 
and  the  present  hills  owe  their  height  rather  to  greater  resistance  to 
erosion  than  to  original  constructional  uplift  Whether  this  erosion 
resulted  in  a  nearly  plain  surface  approximately  at  sea  level,  whidi 
has  subsequently  been  uplifted  and  again  dissected,  or  whether  the 
erosion  took  place  at  considerable  elevations  above  sea  level  and 
leveled  without  base  leveling  the  tops  of  the  hills,  is  a  question  that 
must  await  much  fuller  investigation.  There  are  the  following  ob- 
jections to  the  interpretaticMi  that  the  present  upland  surface  repre- 
sents a  formerly  nearly  base-leveled  surface  subsequently  uplifted — 
the  absence  of  any  water  formed  deposits  on  the  surface  of  the  up- 
land; the  lack  of  deep-rock  weathering;  the  number  of  flats  sepa- 
rated from  each  other  by  sharp  scarps  similar  in  all  characters  to  the 
uppermost  one,  which  require  similar  explanations;  the  absence  of 
drainage  arrangement  that  would  correspond  to  the  hypothetical 
earlier  surface ;  the  indications  that  present-day  processes  are  respon- 
sible for  leveling  without  base  leveling.  On  the  other  hand,  the 
main  objection  to  the  idea  that  the  upland  does  not  mark  an  old 
erosion  surface  nearly  at  base  level  is  the  lack  of  known  processes 
capable  of  producing  a  nearly  plain  sijrface  on  rocks  of  different 
resistances  to  erosion.  It  seems  wise  therefore  to  suspend  judgment 
as  to  the  origin  of  the  uplands,  as  further  information  is  required 
before  their  genetic  classification  can  be  effected. 

COASTAL    FEATURES. 

Soundings  made  by  the  Coast  and  Geodetic  Survey  <»  and  others 
have  shown  that  nowhere  in  Norton  Bay  and  Sound  within  the  areas 
represented  on  Plates  I  and  V  is  there  a  depth  of  water  exceeding 

•  See  chart  0380  of  the  Coast  and  Geodetic  Sunrey.  edition  of  1008. 
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1 00  feet,  and  over  much  of  this  water  area  the  depth  averages  about 
50  feet.  In  general  the  5-fathom  line  lies  several  miles  from  the 
coast,  so  that  vessels  find  no  harbors  and  have  to  discharge  cargoes 
on  lighters.  A  few  exceptions  to  this  rule  occur,  most  notably  along 
the  east  side  of  the  Darby  Peninsula  and  at  Golofnin  Sound.  At  the 
former  locality  the  coast  is  rocky  and  landing  places  for  vessels  of 
sea-going  size  are  wanting.  Plate  III,  i?,  shows  a  typical  portion  of 
the  eastern  coast  with  the  waves  beating  directly  on  th^  cliffs  and 
with  a  beach  so  slightly  developed  that  it  is  impossible  for  a  man  to 
walk  around  the  shore.  With  such  topography  it  is  evident  that 
shelter  for  vessels  is  wanting. 

Golofnin  Bay,  on  the  other  hand,  presents  a  fairly  good  harbor  for 
vessels  drawing  less  than  20  feet,  as  it  is  sheltered  by  high  hills  from 
the  strong  winds.  The  channel,  however,  is  crooked  and  the  bay  is 
constantly  filling  up  with  the  detritus  brought  down  by  Fish  River. 
Ocean-going  vessels  from  Seattle  call  at  this  place  irregularly  during 
the  season  and  discharge  cargoes  near  the  mission  on  lighters.  With- 
out recourse  to  dredging,  however,  this  harbor  would  be  of  slight  value 
in  the  general  economic  development  of  the  region.  It  is,  moreover, 
some  distance  from  the  productive  gold  areas  and  so  is  not  much  used, 
although  during  the  boom  days  of  the  Council  region  it  gave  prom- 
ise of  being  important  and  even  now  it  is  the  gateway  by  which  most 
of  the  supplies  for  Council  and  vicinity  enter  the  country. 

Kotzebue  Sound  on  the  northern  shores  of  Seward  Peninsula  is 
also  a  relatively  shallow  sea,  few  if  any  places  having  a  depth  of 
100  feet.  One  of  the  latest  incidents  in  the  geology  of  the  region 
was  a  slight  depression  of  the  land,  so  that  the  submerged  lower 
courses  of  some  of  the  larger  streams  afford  shelter  for  light-draft 
vessels.  The  shallowness  of  the  basin  as  a  whole  and  the  crooked  and 
constantly  changing  channels  leading  to  these  harbors  make  naviga- 
tion difficult. 

Tides  in  Norton  Sound  are  relatively  slight  in  their  range  but  in- 
crease toward  the  bay  heads.  No  accurate  measurements  of  the  tides 
have  been  made  in  this  part  of  the  region,  and  as  the  wind  has  a  con- 
siderable effect  on  the  change  of  water  surface  it  is  impossible  to  make 
any  short-period  observations  of  value.  It  is  probable,  however,  from 
determinatiops  made  at  Nome,  that  the  tides  seldom  have  a  range  of 
more  than  2  feet  along  the  east  side  of  Darby  Peninsula.  Judged 
by  the  way  in  which  the  Koyuk  was  backed  up  by  the  tide  near  camp 
A20  the  tidal  range  near  the  head  of  Norton  Bay  probably  exceeds 
3  feet. 

As  has  been  already  noted,  lagoons  are  found  along  portions  of 
Norton  Sound.  These  owe  their  formation  mainly  to  shore  currents 
blocking  the  mouths  of  streams.  Sand  reefs,  such  as  occur  near  Sol- 
omon and  at  many  other  places  in  western  Seward  Peninsula,  are 
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absent  in  the  area  studied.  Many  of  the  lagoons  are  filled  with  drift 
timber,  a  good  deal  of  which  has  doubtless  been  brought  down  by 
the  Yukon  and  cast  upon  the  shore  by  the  currents. 

The  currents  are  complex  and  have  been  determined  mainly  by 
the  effect  they  have  exerted  on  the  land  forms.  Near  the  mouths  of 
the  Kwiniuk  and  the  Tubutulik  the  long  spits  with  their  free  ends 
pointing  east  give  clear  evidence  that  the  currents  there  are  flowing 
from  west  toward  the  east,  but,  south  of  camp  C17  for  4  or  5  miles 
the  apparent  direction  is  southwest.  At  Carson  Creek,  however,  the 
general  direction  seems  to  be  northeast.  On  the  east  side  of  Norton 
Bay,  near  the  mouth  of  the  Inglutalik,  the  shore  forms  seem  to  have 
been  made  by  currents  flowing  toward  the  north,  whereas  near  Island 
Point  the  dominant  current  seems  to  divide,  the  southern  part  flow- 
ing southward  and  the  northern  part  northeastward.  From  the 
south  end  of  the  Reindeer  Hills  the  long  south-pointing  sand  spit 
seems  to  show  that  the  direction  of  currents  there  is  in  general 
southward. 

yEGETATIONT  AND  GAME. 

As  the  main  object  of  the  expedition  of  1909  was  to  acquire  infor- 
mation concerning  the  geology  of  the  region  traversed,  little  atten- 
tion was  paid  to  extraneous  matters.  A  few  notes  on  the  general 
chiaracter  of  the  vegetation  and  game  may,  however,  be  included. 

Of  the  evergreen  trees  spruce  is  the  only  one  of  sufficient  impor- 
tance to  be  considered.  The  trees  seen  probably  average  10  to  12 
inches  in  diameter.  Spruce  extends  as  far  west  as  Council,  but  beyond 
this  point  is  practically  wanting.  In  the  eastern  part  of  the  area, 
near  the  Yukon,  it  gi'ows  at  elevations  close  to  '2,000  feet,  but  far- 
ther west,  toward  Norton  Bay,  at  lower  elevations,  so  that  west  of 
the  Brooks  divide  it  is  seldom  found  above  1,000  feet.  West  of 
the  Koyuk  it  rarely  is  found  above  800  feet,  and  only  in  the  valleys 
along  the  streams.  In  the  western  part  of  the  Fish  River  drain- 
age basin,  spruce  does  not  grow  on  any  of  the  streams  north  of 
Mosquito  Creek.  Spruce  is  found  along  the  eastern  coast  of  Darby 
Peniusuhi  up  to  elevations  of  a,bout  800  feet,  but  west  of  the  range  it 
seldom  grows  at  more  thau  500  feet  above  the  sea.  Plate  IV  shows 
the  general  distribution  of  timber  in  the  region. 

Birch,  used  by  the  natives  for  sled  fi-ames  and  similar  gear,  is 
found  in  many  places  in  the  Yukon  basin,  but  it  gi^adually  disappears 
farther  west  until  the  last  birch  seen  on  the  Kovuk  was  near  Kenwood 
Creek  and  the  last  sizable  trees  in  the  Darbv  Peninsula  were  on  the 
eastern  slopes  of  Mount  Kwiniuk  and  on  the  lower  sloj^es  of  Mount 
Kwiktalik  or  Haystack  Mountain.  White  bii-ch  is  found  in  the  Yukon 
basin,  but  does  not  occur  notably  to  the  west  of  this  ai-ea.  The  Seward 
Peninsula  birches  are  the  yellow  and  the  black  birch.    The  low  pros- 
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trate  birch,  which  has  little  or  no  fuel  value,  is  much  more  widely 
distributed  and  can  be  found  throughout  Seward  Pwiinsula. 

Willows  are  common  along  almost  all  the  Seward  Peninsula 
streams.  The  willows  are  of  several  different  kinds,  from  prostrate 
varieties  to  trees  8  or  10  feet  in  height,  the  latter  being  the  main 
source  of  fuel  throughout  the  western  portion  of  southeastern  Seward 
Peninsula.  Alders  are  most  numerous  along  the  eastern  shore  of  the 
Darby  peninsula,  where  they  form  a  dense  undergrowth  of  half  re- 
cumbent interlocking  branches,  through  which  passage  can  be  effected 
only  by  chopping  a  trail. 

No  statement  of  the  vegetation  would  be  characteristic  without 
mention  of  the  abundant  berries,  which  grow  mainly  above  the  tree 
zone.  Blueberries  are  particularly  prolific,  the  low  bushes  forming 
in  places  a  mat  of  vegetation.  Salmon  berries,  much  prized  by  na- 
tives and  prospectors,  grow  under  essentially  the  same  conditions  as 
blueberries  and  are  especially  abundant  on  rolling  low  uplands,  such 
as  those  between  the  Buckland  and  East  Fork  of  Koyuk  River.  Cur- 
rants are  found,  but  are  not  abundant. 

Several  kinds  of  grasses  and  forage  for  horses  are  found  and  are 
generally  sufficiently  plentiful,  so  that  they  do  not  have  to  be  specially 
sought  until  late  in  the  season.  The  pack  horses  used  by  the  Survey 
party  were  particularly  fond  of  the  so-called  "  goose  grass,"  a  kind 
of  equisetum  that  grows  on  well-drained  areas  near  the  banks  of  the 
streams  where  trees  do  not  form  a  thick  shade.  By  the  first  of  Sep- 
tember frosts  so  impair  the  vitality  of  the  grasses  that  forage  must 
be  sought  with  care  in  the  protected  valley  heads  facing  south,  and 
it  becomes  necessary  to  place  camp  with  considerable  thought  as  to 
the  feed  supply. 

Flowers  are  abundant  and  give  brilliancy  to  the  landscape  in,  the 
spring  and  summer.  Some  fifty  varieties  were  noted,  but  no  collec- 
tions were  made,  and  therefore  no  specific  determinations  were  pos- 
sible. The  general  impression,  however,  was  that  flowers  were 
abundant,  but  that  they  were  limited  to  relatively  few  genera  and 
families. 

Birds  and  animals  are  fairly  abundant  throughout  the  region, 
although  they  are  not  so  plentiful  that  game  can  be  relied  on  for 
food.  In  the  higher  hills  between  the  Yukon  and  Norton  Sound 
numerous  caribou  signs  showed  that  the  mosquitoes  had  driven  these 
animals  into  the  highlands  during  the  early  part  of  the  summer. 
Farther  west  caribou  are  almost  entirely  wanting,  although  probably 
a  few  may  still  be  found  in  the  unfrequented  region  north  of  the 
Koyuk.  Domesticated  reindeer,  held  either  by  government  or  pri- 
vate ownership,  are  herded  near  the  mouth  of  the  Shaktolik  and  south 
of  Cheenik.  These  herds  are  moved  from  place  to  place,  and  some- 
times the  animals  stray  away  and  become  wUd. 

7146&*— Bull.  449—11 3 
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Bears  are  comparatively  numerous  in  the  less  frequented  parts  of 
the  region.  Well-trodden  bear  trails  run  along  the  Shaktolik  for 
many  miles,  where  the  animals  fish  during  the  salmon  season.  Along 
the  ridge  between  Kwik  and  Tubutulik  rivers,  also,  bear  signs  are 
abundant,  especially  while  the  blueberries  are  ripe.  In  the  upper 
part  of  the  Kwiniuk  basin  near  camp  C14  the  sand  bars  are  covered 
with  bear  trails.  From  the  reports  of  prospectors  and  trappers  it 
is  said  that  most  of  the  bears  are  rather  large  and  brown,  few  black 
bears  being  found.  The  only  bear  that  was  seen  by  the  Survey  party 
was  a  very  light  brown. 

Caribou  and  bear  are  the  only  two  large  animals  in  the  region  but 
there  are  several  small  animals  that  are  caught  either  for  their  fur 
or  as  food.  A  few  rabbits  are  found  in  Seward  Peninsula,  but  none 
were  seen  in  the  Nulato-Norton  Bay  region.  Red  foxes  were  seen, 
and  cross  foxes  are  reported.  Some  marten,  muskrat,  and  other 
small  skins  are  taken  by  trappers  in  the  Yukon  basin  contiguous  to 
Nulato,  but  the  number  of  skins  is  yearly  decreasing.  Porcupine 
were  seen  in  the  Inglutalik  and  Tubutulik  river  basins.  Ground 
squirrels  common  in  the  less-forested  regions  of  Seward  Peninsula 
are  almost  entirely  absent  throughout  the  greater  part  of  the  area 
east  of  the  Kovuk  River. 

Of  the  birds,  ptarmigan  are  perhaps  the  most  abundant  throughout 
the  region  as  a  whole,  but  they  are  seldom  found  near  the  coast  and 
are  yearly  becoming  fewer  and  fewer.  Early  in  the  season  these 
birds  are  found  hiding  in  the  brush  with  their  young,  but  later  in 
the  summer  flocks  of  fifteen  or  so  may  be  flushed  in  many  of  the 
blueberry  patches.  After  the  berries  begin  to  fail  and  cold  weather 
approaches,  the  ptarmigan  move  from  the  higher  land  and  congre- 
gate on  the  sand  bars  of  the  streams.  A  little  later  they  begin  to 
gather  into  the  large  coveys  so  often  seen  after  the  snow  has  begun 
to  fall. 

Along  the  coast  where  ponds  and  lagoons  occur  ducks,  geese,  and 
other  water  fowl  are  plentiful.  The  southward  migration  of  the 
geese  in  1909  took  place  the  last  of  August  and  the  first  of  September, 
and  during  this  time  thousands  of  birds  passed  over  Norton  Bay. 
Cranes  were  seen,  some  living  on  the  low  swampy  country  of  the 
coastal  plain  province  and  others  apparently  making  their  homes  on 
the  dry  rolling  uplands.  Robins,  crows,  and  many  other  birds  living 
in  more  southern  regions  were  also  observed  but  not  minutely  noted. 
Owls,  both  barred  and  snowy,  are  common,  and  their  regurgitations 
may  be  found  on  almost  every  knob  that  gives  a  lookout  over  the 
surrounding  country.  A  few  eagles  and  hawks  were  seen.  Spruce 
or  "  fool  "  hens  were  especially  noted  in  the  Darby  peninsula  country 
south  of  the  mouth  of  the  Kwiniuk,  but  they  are  also  found  in  many 
other  parts  of  the  region. 
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Fish  are  almost  always  plentiful  and  can  be  relied  on  by  travelers 
for  food.  Grayling  are  the  most  common  of  the  fish  and  are  found 
in  all  streams  of  sufficient  size.  In  length  they  range  from  a  few 
inches  to  about  20  inches.  They  will  take  a  fly  hook  at  almost  all 
times  during  the  summer.  Trout  of  several  varieties  live  in  the  clear 
swift  waters  of  the  mountain  streams  and  may  be  caught  with  a  fly 
hook.  Salmon  usually  run  up  the  larger  streams  and  are  much  used 
for  food  by  trappers,  prospectors,  and  natives  for  themselves  and 
their  dogs.  Salmon  were  seen  on  the  Inglutalik  as  far  upstream  as 
camp  B9,  on  the  Koyuk  above  East  Fork,  on  the  Kwiniuk  above 
camp  C14,  and  on  the  Niukluk  far  above  Coimcil.  The  season  of 
1909,  however,  was  a  particularly  poor  salmon  season,  and  only  a 
few  fish  were  caught  in  any  of  the  Norton  Bay  streams  considered  in 
this  report. 

Salt  water  forms  of  life  are  abundant  in  Norton  Bay  and  are  used 
for  food  and  clothing.  The  tomcod,  a  small,  bony  fish,  and  the  her- 
ring ape  caught  by  natives  and  whites.  From  the  fur  of  the  hair 
seal  much  of  the  clothing  of  the  natives  is  made,  and  the  skin  of  the 
oogruk,  a  thick-skinned  seal,  furnishes  almost  all  of  the  homemade 
footwear  (the  mukluk)  of  the  inhabitants.  Walrus  is  sometimes 
caught  near  the  edge  of  the  ice  pack  in  the  spring,  and  its  flesh  is  used 
for  food. 

CLDCATE. 

Continuous  records  of  the  various  elements  of  climate  have  not 
been  made  in  any  part  of  the  region  for  sufficient  length  of  time  to 
afford  accurate  data  for  describing  the  prevailing  conditions.  The 
nearest  observation  stations,  at  Nome  and  at  St.  Michael,  are  both 
situated  on  the  coast  and  give  but  little  information  concerning  the 
interior.  At  present,  therefore,  there  are  few  records  available  for 
the  Nulato-Council  region  except  scanty  observations  extending  over 
only  short  periods. 

TEMPERATURE. 

At  Nome  the  highest  temperature  recorSed  during  1909  was  70°  F., 
but  it  is  probable  that  in  the  interior,  where  the  temperature  is  not  so 
much  affected  by  the  sea,  higher  records  would  have  been  obtained. 
The  work  of  the  Survey  party  was  carried  on  in  the  higher  hills  dur- 
ing the  hottest  part  of  the  summer,  so  that  the  temperatures  were 
much  lower  than  they  would  have  been  near  sea  level.  Ice  one-quarter 
of  an  inch  thick  formed  on  water  in  a  pail  during  the  night  of  July 
24  at  an  elevation  of  about  1,500  feet  at  camp  B5.  On  August  5  ice 
remained  on  the  small  pools  of  water  along  Peace  River  at  an  eleva- 
tion considerably  less  than  1,000  feet  until  after  10  a.  m.  The  hills 
north  of  Mosquito  Creek  and  the  head  of  the  Fish  River  valley  were 
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heavily  covered  by  snow  on  September  1,  and  on  September  16  snow 
covered  the  ground  down  to  800  or  900  feet  on  the  southern  end  of  the 
Darby  Range  and  remained  on  hills  above  1,000  feet  for  the  rest  of 
the  season. 

The  mean  annual  temperature  at  Nome  for  1907  was  24®  F.,  and 
for  1908  it  was  25°  F.  As  it  seems  fully  as  warm  at  Nome  as  in  the 
region  to  the  east  at  the  same  time,  it  is  probable  that  the  mean  an- 
nual temperature  is  not  far  different  for  the  two  localities.  The  sumr 
mer  temperatures  are  higher  in  Nulato-Council  region  because  of  the 
absence  of  sea  control,  which  would  also  make  the  winter  tempera- 
tures lower,  so  that  these  two  factors  would  tend  to  balance  each 
other.  Further  data  on  the  temperatures  are  afforded  by  a  few  ob- 
servations made  at  Nulato  and  at  the  Omilak  silver  mine,  and 
published  by  Abbe." 

Extreme  ranges  in  temperature  CF.)  at  Xulato  and  at  Omilak  mine,  Alaska, 


Sumo: 

Maximiun 
Minimum. 

Omilak  mine: 
Maximum 
Minimum. 


Jan. 

P«b. 

Mar. 

Apr. 

May. 

Oct 

1 

Nofv. 

23 

29 

44 

50 

71 

47 

28 

-62 

-eo 

-33 

-23 

7 

-13 

-36 

43 

36 

43 

56 

63 

36 

32 

-33 

-52 

-36 

-24 

16 

-  2 

-29 

Dec 


31 
-64 


The  observations  at  Nulato  from  which  this  table  was  compiled 
were  carried  on  for  12  months,  from  October,  1894,  to  May,  1895, 
and  from  January  to  April,  1896;  those  at  Omilak  mine  were  also 
carried  on  for  12  months,  from  January  2  to  May,  1884,  from  Oc- 
tober 18  to  December,  1884,  and  froin  January  to  April  16, 1885.  In 
the  report  it  is  noted  that  in  the  fall  of  1894  the  Yukon  was  closed  at 
Nulato  on  October  16,  and  opened  in  the  spring  of  1895  on  May  22. 
Near  Omilak  mine,  Fish  River  opened  on  May  21,  and  was  closed 
by  ice  on  September  25,  1884;  in  1885  this  river  opened  on  May  9. 

Dall,*  who  spent  a  winter  at  Nulato,  has  published  the  following 
table  of  temperatures  for  the  different  seasons  at  that  place : 

Range  of  temperature  at  Nulato,  Alaska,  by  seasons. 

•F. 

Spring 29. 3 

Summer ^'  0? 

Fall 36. 0? 

Winter —14.0 

Year 27. 8 


PRECIPITATION. 


During  the  summer  of  1909  the  precipitation  in  the  western  part 
of  Seward  Peninsula  was  abnormally  low,  and  it  seems  probable  that 


-  Abbe,  Cleyeland,  Jr.,  Prof.  Paper  IT.  8.  Geol.  Survey  No.  45.  lOOtt,  pp.  133-200. 
»Dall,  W.  H.,  Alaska  and  its  ren-  "''^- 
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the  amount  of  rain  received  by  the  Nulato-Norton  Bay  region  was 
also  less  than  usual.  There  were  less  than  a  dozen  really  rainy  days 
from  the  latter  part  of  June  to  the  end  September,  but  in  this  period 
there  were  38  days  on  which  it  showered. 

The  following  table  gives  the  results  of  previous  instrumental 
observations  at  Nulato  and  at  the  Omilak  silver  mine.** 


Mean  precipitation,  including  melted  snow  and  mean  number  of  days  icith  days 
with  0.01  inch  or  more  precipitation  at  Nulato  and  Omilak  mine,  Alaska, 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

OcL 

Nov. 

Dec. 

Nulftto: 

M iHin  tota* 

0.68 
6 

0.40 
3 

0.91 
7 

0.32 
3 

1.46 
12.5 

ai5 

3.5 

0.16 
2 

0.07 

4 

0.36 

4 

ao2 

2 

1.36 
8 

a23 

1.20 
6 

0.45 
3 

1.42 

Days 

8 

Omilftlc  n..iic 

M^ii  m-'iUt   ..  ..   ................ 

t-ays 

ai8 

3 

The  record  for  Nulato  was  for  10  months,  from  October,  1894,  to 
May,  1895,  and  from  January  3  to  March,  1896;  the  record  for 
Omilak  mine  was  for  9^  months  from  February  to  May  and  from 
October  18  to  December,  1884,  and  from  January  to  March,  1885, 

From  what  is  known  of  near-by  areas,  it  may  be  stated  that  the 
amount  of  precipitation  during  the  8  winter  months  is  roughly  be- 
tween one-half  and  one-third  of  the  total  for  the  year.  If  a  factor 
of  this  value  be  applied  to  the  tables  so  as  to  correct  the  total  for 
the  year  on  the  basis  of  the  entire  12  months,  it  follows  that  the 
annual  precipitation  at  Nulato  is  between  15  and  20  inches  and  from 
10  to  12  inches  at  Omilak  mine.  This  would  make  the  Fish  River 
region  about  equivalent  in  moisture  to  the  region  near  Nome  and 
the  region  around  Nulato  much  more  moist.  The  region  as  a  whole, 
however,  would  be  classed  as  semiarid  and  similar  to  a  large  part 
of  the  States  of  Montana,  Idaho,  Wyoming,  and  Colorado.  As  the 
larger  part  of  the  precipitation  comes  from  June  to  September,  the 
impression  gained  by  a  summer  traveler  is  of  a  region  of  much 
greater  rainfall  than  is  actually  the  case. 

WIND. 

Throughout  the  region  tiie  northerly  winds  are  the  fair  weather 
winds,  whereas  those  from  the  south  usually  bring  rain.  During 
1909  the  predominant  wind  direction  was  from  the  north,  and  the 
weather  was  accordingly  dry  for  the  greater  part  of  the  time.  Owing 
to  the  absence  of  a  heavy  cover  of  vegetation  over  most  of  the  upland 
area,  the  force  of  the  winds  is  strong  and  the  effects  are  marked.  On 
the  bare  limestone  hills  pieces  of  detritus  are  moved  by  the  wind,  and 
the  small  sand  grains  are  quickly  removed  from  the  places  where 

«  Abbe.  Cleyt'land.  Jr.,  op.  clt..  pp.  162-165. 
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th^  are  formed  by  disintegrati(m.    In  many  places  the  foliage  on  tib.e 
lower  lands  is  covered  with  the  wind  transported  dust. 

Dust  whirls  caused  by  convectional  currents  of  air  induced  by 
overheating  the  lower  layers  were  seen^several  times  al(mg  river  bars. 
One  such  whirl  started  on  the  Shaktolik  River  with  such  explosive 
violence  that  it  threw  up  sun-baked  pieces  of  mud  several  indies  in 
diameter  and  scooped  out  a  shallow  depression.  Several  dust  whirls 
were  noted  on  the  lower  part  of  East  Fork  and  Kojruk  rivers  and 
could  be  traced  for  sev^;ral  miles  across  country. 

8BTTLBMBHT8  AUSTD  POPULAIFIOH. 

The  only  villages  in  the  Nulato-Council  region  are  Nulato,  Kaltag, 
Gheenik,  Bluff,  and  Council.  Road  houses  are,  however,  numerous 
along  the  coast  and  form  a  complete  line  from  east  to  west  During 
the  summer  there  is  but  little  travel,  but  during  the  winter  the  mail 
and  travelers  furnish  patronage  to  road  houses  along  the  coast  at 
Carson  Creek,  Walla  Walla,  Kuiuktulik,  Miniatulik,  Moses  Point, 
Isaacs  Point,  Ungalik  River,  and  Shaktolik  River.  Along  Fish 
River  there  are  road  houses  between  Cheenik  and  Council,  at  the 
mouth  of  Fox  River,  and  at  the  mouth  of  the  Niukluk.  On  the 
Yukon  River  are  numerous  road  houses  from  Kaltag  eastward. 

A  few  scattered  cabins  are  the  only  other  habitations  in  the  region, 
and  these  are  occupied  but  a  short  time  each  year,  mainly  by  trap- 
pers. On  the  lower  part  of  the  Inglutalik,  6  or  8  miles  from  the 
coast  and  on  this  same  stream  near  camp  B7,  are  cabins  of  this  sort. 

The  mining  and  prospecting  centers  of  settlements  are  principally 
in  the  vicinity  of  Bluff  and  Council  on  Ophir,  Melsing,  Mystery, 
and  Goldbottom  creeks.  There  are  several  cabins,  however,  on 
Bonanza  Creek  occupied  by  placer  miners  who  hold  ground  on  this 
stream.  At  the  Omilak  silver  mine  on  Omilak  Creek,  a  tributary  of 
Fish  River,  a  mining  camp  has  been  established  since  the  early 
eighties  and,  although  now  practically  abandoned,  at  different  times 
has  had  more  than  a  score  of  inhabitants.  On  Bear  Creek,  a  tribu- 
tary of  the  Buckland  from  the  west,  there  has  been  a  small  settle- 
ment of  placer  miners  since  1902.  Two  cabins  near  Alameda  Creek, 
a  tributary  of  Koyuk  River  from  the  west,  mark  a  small  placer  set- 
tlement. Ditch  camps  with  one  or  two  men  each  have  been  estab- 
lished along  the  Candle  ditch  line  on  Kiwalik  River,  but  are  vacant 
during  the  winter. 

Native  encampments  are  found  principally  along  the  coast  and 
belong  almost  entirely  to  Eskimos.  Along  the  Yukon  are  Indian 
villages,  generally  established  on  the  outskirts  of  the  white  men's 
villages.  The  Indians,  as  a  rule,  have  a  more  or  less  pennanent 
abode,  but  the  Eskimos  migrate  along  the  coast  and  are  seldom  found 
several  seasons  in  the  same  place.    There  is  an  exception,  however. 
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in  the  case  of  those  owning  reindeer.  These  people  usually  summer 
in  nearly  the  same  place,  but  during  the  fall  and  winter  they  are  ccm- 
stantly  moving  their  herds  from  one  pasture  ground  to  another.  The 
largest  reindeer  settlements  are  near  Shaktolik  and  Cheenik,  where 
the  Government  herds  are  located.  These  herds  are  mainly  tended 
by  natives. 

No  attempt  was  made  to  obtain  a  count  of  the  population,  but,  from 
the  best  estimates  it  has  been  possible  to  make,  it  is  probable  that 
there  are  between  1,000  and  1,500  whites  and  natives  in  the  Nulato- 
Council  region. 

DESCRIPTIVE  GEOLOGY. 

In  the  Nulato-Council  region  there  are  two  major  geologic  prov- 
inces, namely,  the  Cretaceous  basin  and  its  inclosing  rim.  In 
the  mapped  area  only  portions  of  the  western  borders  of  the  basin 
were  studied,  and  neither  the  northern  nor  the  southern  boundaries 
were  determined.  In  the  Cretaceous  areas  only  exploratory  surveys 
were  made,  and  the  eastern  rim  was  not  visited  by  the  party  of  1909. 
By  reason,  therefore,  of  the  relatively  slight  amount  of  geologic  in- 
formation, this  field  is  shown  on  the  comparatively  small  scale  map, 
Plate  V  (in  pocket),  of  the  Nulato-Norton  Bay  region.  Farther 
west,  however,  the  previous  work  of  Mendenhall,  MoflSt,  Collier, 
Brooks,  an^  Richardson,  supplemented  by  the  surveys  of  1909,  has 
warranted  publication  on  the  larger  scale  of  Plate  VI  (in  pocket), 
the  geologic  map  of  southeastern  Seward  Peninsula.  It  should  be 
pointed  out  that  neither  map  presents  the  detaiFs  of  the  geology,  for 
there  are  many  problems  which  must  await  much  more  searching 
investigation  than  the  hasty  trip  of  1909  would  permit. 

The  rocks  or  deposits  of  the  region  may  be  assigned  to  six  main 
groups — the  undifferentiated  metamorphic  rocks  mainly  of  pre- 
Silurian  age,  the  Paleozoic  rocks,  the  Cretaceous  sedimentary  rocks, 
the  igneous  rocks  mainly  pre-Cretaceous  but  in  part  later  than 
that  period,  the  veins,  and  the  unconsolidated  deposits  mainly  of 
Quaternary  age.  Each  group  shows  individual  characters  which  are 
described  in  the  following  pages  and  the  areal  distribution  is  indi- 
cated on  the  geologic  maps.  Plates  V  and  VI.  Plate  VI  is  the  more 
serviceable  for  showing  the  distribution  of  the  metamorphic  and 
igneous  rocks,  and  Plate  V  for  showing  the  nonmetamorphic  consoli- 
dated sediments,  but  both  maps  are  necessary  for  a  complete  idea  of 
the  areal  extent  of  the  different  geologic  members. 

tJNBIPFEBENTIATED  METAMOBPHIC  BOCKS. 

The  greater  part  of  southeastern  Seward  Peninsula  and  the  south- 
eastern part  of  the  Nulato-Norton  Bay  region  are  formed  of  a  series 
of  metamorphic  rocks,  much  folded,  sheared,  and  so  changed  that 


in  but  few  places 
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The  schists  form  the  greater  part  of  the  metamorphic  complex  and 
may  be  described  according  to  the  mineral  or  minerals  characteristic 
of  them.  The  schists  most  commonly  found  are  qiiartzose,  graphitic 
or  carbonaceous,  biotitic,  feldspathic,  and  calcareous.  Gradations 
between  difTerent  types  are  frequent  and  the  differentiation  is  by  no 
means  certain.  It  appears,  however,  that  the  present  lithologic  dif- 
ferences are  in  considerable,  measure  due  to  original  characters,  so 
that  in  a  broad  way  identity  of  lithology  may  be  taken  as  indicating 
deposits  formed  at  cMentially  the  same  time.  This  is  generally  true 
of  tlie  graphitic  scliists,  is  sometimes  true  of  the  calcareous  schists, 
and  is  .seldom  true  of  the  biotite  schists. 

Owing  to  the  complexity  of  structure  and  the  insufficient  examina- 
tions of  parts  of  the  field,  it  has  not  been  possible  to  indicate  on  the 
map  consistently  the  areas  occupied  by  the  various  types  of  schist. 
It  has  been  found  necessary  to  show  areas  which,  for  want  of  a  better 
name,  have  been  called  "  undifferentiated  metamorphic  rocks."  These 
undoubtedly  contain  representatives  of  some  of  the  rocks  that  have 
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been  differentiated  as  well  as  others,  but,  as  stated  above,  either  the 
scale  of  the  map  or  the  absence  of  definite  data  has  precluded  accurate 
mapping.  In  a  measure  the  lumping  together  of  diverse  units  has 
obscured  geologic  relations,  and  on  the  map  it  frequently  happens 
that  the  undifferentiated  metamorphic  rock  symbol  terminates  some 
other  symbol  in  an  abnormal  manner.  As  a  specific  instance  of  this 
kind  may  be  cited  the  region  for  10  miles  north  and  west  of  Bluff. 
Detailed  traverses  along  the  western  margin  of  this  area  showed  the 
presence  of  the  feldspathic  schists  of  igneous  origin,  but  no  other 
data  are  available  south  of  Fox  Creek,  except  in  the  immediate 
vicinity  of  Bluff.  Therefore,  although  it  is  probable  that  much  of 
the  region  is  of  the  feldspathic  schist  type,  it  seems  unsafe  to  map 
the  distribution  in  this  100  or  more  square  miles  on  such  slight 
evidence.  Thus  at  the  risk  of  obscuring  the  important  fact  that  the 
feldspathic  schists  along  the  western  margin  of  the  map  are  continu- 
ous with  the  feldspathic  schists  of  the  Bluff  and  Fox  Creek  regions 
it  has  seemed  best  to  adopt  the  more  noncommittal  course  of  showing 
that  the  rocks  have  not  been  adequately  differentiated. 

As  shown  in  Plate  VI  there  are  five  main  areas  of  undifferentiated 
metamorphic  rocks — (1)  around  Kwik  River,  (2)  between  the  two 
lava  flows  north  of  the  Koyuk,  (3)  the  Bendeleben  Range  from  the 
head  of  Death  Valley  westward,  (4)  the  western  part  of  the  mapped 
area  south  of  the  Niukluk,  and  (5)  along  the  western  flanks  of  the 
Darby  Range  extending  southward  across,  the  head  of  Kachauik 
River  to  the  coast  of  Norton  Bay  east  of  Bluff. 

KWIK   BIVEB  ABEA. 

The  schist  area  at  the  head  of  Kwik  River  shows  few  exposures  in 
place,  and  practically  nothing  was  learned  regarding  the  structure 
and  relationship  of  the  rocks  of  the  region  except  that  they  are 
([uartzose  schists.  Toward  the  east  or  near  the  limestone  area  at  the 
head  of  Kenwood  and  Mukluktulik  creeks  the  schists  are  predomi- 
nantly very  dark  and  somewhat  graphitic,  and  the  rocks  may  be  the 
equivalent  of  some  of  the  black  slates  and  quartzites  found  in  places 
intimately  connected  with  dark  limestones.  Farther  west,  however, 
the  similarity  to  the  carbonaceous  schists  is  not  so  marked,  and  it  is 
possible  that  one  of  the  other  types  of  schist  is  represented. 

This  schist  is  highly  quartzose  in  all  places,  contains  some  chlorite, 
practically  no  garnet  or  feldspar,  and  few  specimens  of  it  effervesce 
with  acid.  Numerous  cubical  cavities  show  that  it  contained  pyrite 
in  considerable  amounts.  It  finds  topographic  expression  in  a  series 
of  massive,  slightly  dissected  hills  with  gentle  slopes  covered  with 
waste  and  devoid  of  outcrops.  Owing  t^  the  absence  of  structural  de- 
terminations no  statement  can  be  made  of  the  thickness  or  relations  of 
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the  member.  Looked  at  in  detail,  however,  the  minor  structures  show 
that  the  rocks  have  been  so  deformed  that  schistosity  has-been  pro- 
duced throughout.  On  the  flat-topped,  massive  hill  east  of  camp  C4 
the  float  shows  in  abnost  all  instances  clearly  marked  evidence  of 
two  structures — that  is  to  say,  the  plication  of  a  previously  developed 
cleavage  and  color  banding.  As  this  structure  was  not  seen  in  place, 
however,  the  relation  of  the  two  structures  in  age  could  not  be  deter- 
mined. The  only  fact  bearing  on  this  point  is  the  occurrence  of  a 
shattered  anticline  west  of  camp  C3,  the  axis  of  which  strikes  north- 
west-southeast and  pitches  strongly  to  the  northwest. 

ABEA    NOBTH    OF    THE    KOYUK. 

The  area  of  undifferentiated  metamorphic  rocks  north  of  the  Koyuk 
was  not  visited  by  the  party  of  1909.  From  the  manuscript  notes 
of  Moffit,  who  studied  the  region  in  1903,  it  is  evident  that  a  number 
of  different  types  of  schist  were  found.  East  of  Kiwalik  Mountain 
black  slates  and  carbonaceous  schists  are  closely  associated  with  the 
limestone  area.  As  the  granite  contact  of  Kiwalik  Mountain  is  ap- 
proached biotite  forms  an  important  constituent,  although  it  is  of 
no  stratigraphic  significance,  as  it  is  undoubtedly  due  to  the  intrusion 
of  the  granite.  West  of  Kiwalik  Mountain  the  schists,  according  to 
Mendenhairs  field  notes,  are  mainly  calcareous;  with  some  greenish 
schists  which  may  correspond  to  the  feldspathic  schists  to  be  de- 
scribed later.  Quartz-chlorite  schists  are  abundant  in  places,  but 
(heir  stratigraphic  position,  with  respect  to  the  others,  has  not  been 
determined. 

BENDELEBEN    MOUNTAIN    AREA. 

According  to  the  geologists  who  studied  contiguous  areas  in  1900, 
the  metamorphic  schists  of  the  Bendeleben  Mountains  were  considered , 
distinct  from  the  other  schists  of  the  region  and  were  therefore  given  a 
name  and  assigned  to  a  more  or  less  definite  stratigraphic  position. 
In  1908  the  senior  writer  of  this  report  made  a  cross  section  of  the 
range  along  the  western  margin  of  the  area,  and  in  1909  the  party  had 
the  opportunity  of  studying  the  section  north  and  west  of  Death 
Valley,  where  rocks  previously  considered  as  belonging  to  the  Kig- 
luaik  group  are  exposed.  These  studies  have  caused  considerable 
doubt  as  to  the  desirability  of  retaining  the  stratigraphy  as  outlined 
formerly,  and  these  rocks  will  therefore  be  treated  as  "undifferentiated 
metamorphic  rocks." 

Mendenhall  ^  mapped  the  Bendeleben  Range  as  two  large  areas  of 
massive  intrusives,  mostly  granite,  with  a  metamorphic  series  sep- 

•Mendenhall,  W.  C,  A  reconnaissance  In  the  Norton  Bay  region,  Alaska,  in  1900,  a 
special  publication  of  the  U.  S.  Oeol.  Survey,  1901. 
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arating  the  two.     In  the  text  the  following  statement  *»  of  this  schist 
area  is  made : 

About  the  head  of  Fish  River  the  mountains  are  chiefly  granitic,  but  along 
their  flanks  and  sometimes  extending  through  them  in  belts  of  varying  breadth 
which  marlf  the  passes  are  areas  of  schistose  sediments. 

About  a  mile  above  the  camp  of  July  20  along  the  creek  Is  an  outcrop  of 
a  rusty  and  very  graphitic  schist  associated  with  more  calcareous  phases. 
Five  miles  farther  along  the  right  bank  of  this  same  branch  of  Fish  River 
is  an  outcrop  of  bluff  slates  with  very  little  calcareous  matter,  while  2 
miles  farther  northwest  in  a  gap  between  two  branches  of  Fish  River  the 
series  is  represented  by  a  white,  coarsely  crystalline  marble.  This  narrow  belt 
of  the  crystalline  series  between  two  great  Intrusive  granitic  masses  expands 
to  the  northwest. 

Collier^  states  in  a  report  published  in  1908,  the  field  work  for 
which  was  completed  in  1903 : 

The  only  section  across  the  Bendeleben  Range  which  has  been  examined  by 
the  writer  is  along  Parantulik  (Pargon)  River  and  Ella  Creek,  between  the 
beads  of  which  there  is  a  low  pass.  The  structure  here  appears  to  be  anti- 
clinal and  the  prevailing  rocks  are  dark-colored  quartz-biotite  schists  and 
gneisses  similar  to  those  of  the  Kigluaik  Range.  Sills  and  dikes  of  coarse- 
grained granite  or  pegmatite  are  also  present.  White  crystalline  limestones 
containing  scattered  grains  of  graphite  occur  in  beds  20  feet  or  more  in  thick- 
ness iuterbedded  with  the  schists  along  Parantulik  River  from  a  point  near  its 
head  to  the  edge  of  the  Fish  River  lowland. 

Smith  in  1908  studied  a  section  along  the  upper  Niukluk  across  the 
range  to  the  northern  margin.  The  examination  showed  that  the 
section  was  composed  of  quartzose  schists,  a  few  much  dislocated  lime- 
stones, a  complex  and  very  numerous  series  of  granitic  intrusives, 
and  black  carbonaceous  slates  and  schists.  All  of  the  rocks  were 
highly  biotitic.  North  of  Birch  Creek  black  slates  and  calcareous 
schists  predominated.  All  the  rocks  were  much  sheared  and  original 
structures  were  not  discoverable,  but  the  diversity  of  trends  of  the 
cleavage  noted  were  such  as  to  lend  but  slight  support  to  the  idea 
that  the  structure  is  in  general  east  and  west. 

The  observations  of  the  party  in  1909  in  the  Bendeleben  Range 
were  confined  to  the  extreme  eastern  part  and  consisted  of  a  study  of 
the  2,200-foot  hill  northwest  of  camp  C7,  and  of  the  3,000-foot  hill 
north  of  camp  C8.  On  the  first  traverse  were  found  biotitic  schists 
with  some  thin  limestone  members  and  greenstone  schists,  all  thor- 
oughly cut  up  by  granitic  intrusions  of  later  date.  On  the  second 
traverse  the  same  kinds  of  schists  were  also  found,  but  in  addition 
there  wei*e  some  carbonaceous  schists  and  greenstones  were  more 
abundant. 

•Op.  clt.,  pp.  200-201. 

•t'oUior.  A.  .7..  and  othiTM.  Tin*  gold  placers  of  parts  of  Howard  Peninsula,  Alaska; 
Bull,  U.  S.  (leol.  Survey  No.  328,  1908.  pp.  67-68. 
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SoDlfawest  from  camp  C8  to  C9,  3  or 
schista  are  not  much  intruded  hj  granites 
to  the  group  of  feldapatiuc  scbista  with 
stWMs  and  a  little  black  slate.  These  bc 
metamorphosed  as  those  to  the  north  an 
more  nearly  norih  and  south  than  east  and  west. 

On  account,  however,  of  the  small  amount  of  inveetigation  in  the 
larger  part  of  the  B«idelebai  Mountains  it  aeama  unsafe  to  differ- 
aitiate  tiie  schists  on  the  map.  Thej  are  diaraetmaed  as  a  whole 
by  thti  presence  of  biotite,  but  this  is  of  late  wigin  and  is  not  strati- 
graphically  significant  Otherwise  all  the  rarious  kinds  of  sdiists 
and  other  metamorphic  rocks  have  been  recognized,  and  tbe  series 
therefore  can  not  be  regarded  as  a  unit. 

ABEA    BODTH    OT   THE   RUTKLCK. 

"Die  undifferentiated  metam<Nrphic  rocks  along  the  western  margin 
of  the  mapped  area  south  of  the  Niukluk  have  bem  studied  in 
detail  where  they  enter  the  Solomon  and  Casadepaga  quadrangles. 
From  tiiis  study  it  was  determined  that  the  schists  were  main^  of 
the  quartz  chlorite  type  and  that  they  underlay  the  limestone  near  the 
head  of  Fox  Creek.  North  of  the  Niukluk,  however,  ymmger  adiists, 
called  in  the  re^on  to  the  west  the  Puckmummie  schist,'  ucmaisting 
mainly  of  bla<±  slates  and  thin  limestones,  pn^bly  overlie  the  lime- 
stme.  These  rocks  seem  to  merge  with  the  black  slates  that  fonn  the 
southern  flanks  of  Mount  Bendeleben  and  would  indicate  enormous 
deformation  not  recognizable  by  surface  features. 

West  of  the  belt  of  gi'ecnstone  scliists  the  rocks  show  many  different 
lithologic  types,  but  black  quartzitic  schists,  quartz  chlorite  schists, 
and  calcareous  schists  predominate  in  such  complex  relations  that  no 
separation  of  them  has  been  made.  Undoubtedly  some  of  the 
quartzose  schists  correspond  to  the  older  schists  to  the  west,  but  some 
are  the  sheared  equivalents  of  the  heavy  limestones  and  others  may 
belong  to  the  black  slate  series,  which  will  l>e  described  later.  In 
tlie  southern  part  of  this  western  area  a  large  part  of  the  undiffer- 
entiated metamorphic  series  is  the  equivalent  of  the  greenstone  and 
feldspathic  schist  series,  but  this  part  has  not  been  closely  examined. 

ABEA   WKST  OF  TUB  DARBT   RANGE. 

The  fifth  large  area  of  undifferentiated  metamorphic  rocks  is  along 
the  western  flank  of  the  Darby  Range  and  extends  southward  along 
the  head  of  Kachauik  Creek  to  the  const  west  of  Rocky  Point.  In 
this  area  schists  of  a  great  variety  of  lithologic  types  are  found  in 
such   intricate   interrelations  that  considerable  generalization  is  re- 

>ral   rexourcpB  of  tlie  Xolomni]  nnd   raRad«pagB  qntd- 
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quired  in  mapping  them.  Plate  VII  shows  a  part  of  this  region  south 
of  the  Omilak  mine  on  a  scale  of  2  miles  to  the  inch  and  indicates 
the  geology  in  some  detail.  For  the  present  the  main  interest  in  this 
map  centers  in  the  arrangement  of  the  various  schist  and  limestone 
bands.  Even  on  this  larger  scale  map,  however,  it  is  impossible  to 
show  the  actual  complexity  of  the  geology.  Schists  of  many  differ- 
ent lithologic  characters  are  found  in  the  area  covered  by  this  map, 
but  practically  all  of  them  are  more  or  less  biotitic  Some  car- 
bonaceous schists  and  quartzites  suggest  the  presence  of  younger 
members  of  the  schist  series,  whereas  the  relations  of  others  show 
that  they  are  older  than  the  limest<xies  whidi  are  believed  to.  be 
higher  in  the  series. 

In  the  undifferentiated  schist  area  at  the  head  of  Kachauik  Creek 
the  schists  are  biotitic,  chloritic,  and  sometimes  calcareous,  and  dis- 
crimination of  the  various  types  is  impossible  with  the  poor  ex- 
posures. Southward,  however,  schists  lying  below  the  limestone  at 
White  Mountain  have  been  recognized  by  Mendenhall  and  Collier  on 
Fish  River.  Similar  schists  extend  southward  and  probably  form 
most  of  the  hills  in  the  low  divide  between  Norton  Sound  and  the 
Golofnin  Bay  drainage.  Unfortunately,  however,  this  area  has  not 
been  studied  in  detail  and  the  differentiation  of  the  rocks  must  await 
further  investigation. 

SUMMARY. 

The  undifferentiated  metamorphic  rocks  are  hi^ly  sheared  and 
cleavage  is  the  dominant  structure  observed.  In  many  parts  of  the 
field  the  cleavage  is  at  a  low  angle.  In  many  outcrops  where  an 
earlier  structure  is  recognizable  the  two  structures  do  not  coincide, 
and  it  is  believed  that  this  is  the  general  rule.  Faulting  is  also  com- 
mon in  the  schists,  but  the  amount  of  dislocation  is  generally  not 
determinable  on  account  of  the  absence  of  clearly  defined  horizon 
markers. 

In  the  typical  schist  areas  where  igneous  intrusions  have  not 
f^fforded  more  resistance  to  erosion,  the  topographic  forms  produced 
are  smooth  and  rolling.  Characteristic  schist  topography  is  dom- 
inant in  the  eastern  part  of  the  Kwik  River  Basin  and  is  typical  of 
a  considerable  part  of  southeastern  Seward  Peninsula.  Here  and 
there  on  the  summits  of  the  ridges  rocky  knobs  of  irregular  form  rise 
10  to  30  feet  above  the  surrounding  uplands.  In  the  mountainous 
regions  the  schists  form  rugged  hills  with  steep  slopes.  As  a  whole, 
however,  the  schists  are  less  resistant  to  erosion  than  the  limestone 
or  igneous  rocks  and  are  therefore  found  in  the  lower  land  and 
passes. 

Intrusive  activity  of  several  periods  has  affected  the  undifferenti- 
ated metamorphic  rocks.    Greenstones,  granites,  diorites,  and  other 
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igneous  rocks  cut  these  schists  and  have  each  had  a  share  in  the 
metamorphism  and  obliteration  of  the  original  characters  and  distri- 
bution of  the  ?ohists. 

As  the  undifferentiated  schists  as  mapped  include  several  strati- 
graphic  units  of  different  origin,  form,  and  age,  no  general  state- 
ment can  be  made  of  the  relation  of  these  rocks  to  the  others  of  the 
region.  It  is  clear,  however,  that  some  of  these  schists  are  older  than 
the  limestones  and  other  rocks  which  will  be  described  later,  for  they 
underlie  them.  The  question  of  age  and  relationship  will  be  dis- 
cussed more  fully  in  the  section  on  historical  geology.  Por  the 
present,  however,  it  seems  justifiable  to  state  that,  taken  as  a  whole, 
the  area  of  undifferentiated  metamorphic*  rocks  is  composed  of  rocks 
older  than  any  of  the  other  areas  indicated  on  the  map  and  is  chiefly 
pre-Silurian. 

PAI.EOZOIC  BOCKS. 

There  are  five  main  areas  of  rocks  which  are  presumably  of  Pale- 
ozoic age,  and,  although  more  detailed  investigation  will  undoubt- 
edly show  that  parts  of  the  undifferentiated  metamorphic  rocks  are 
of  similar  age,  the  lack  of  information  and  the  complexity  of  the 
structure  forbid  closer  correlation  at  this  time.     Characteristically 

m 

all  the  known  Paleozoic  rocks  are  metamorphosed  and  lithologically 
consist  of  limestones  and  schists  complexly  folded  and  faulted.  As 
indicated  on  the  map  (PL  VI),  these  five  areas  are  as  follows:  The 
ridges  east  of  the  Darby  range  extending  from  the  coast  of  Norton 
Sound  on  the  south  to  beyond  the  Koyuk  on  the  north ;  the  hills  east 
and  west  of  the  Fish  River  gorge  from  the  head  of  Kachauik  Creek 
to  Ophir  Creek,  including  the  limestone  hills  on  Fish  River  near  White 
Mountain;  the  region  south  and  east  of  the  Omilak  mine;  the  area 
exposed  on  the  seacoast  from  Bluff  to  Topkok  Head  extending  inland 
an  imdetermined  distance;  and  the  hills  at  the  head  of  the  Mukluk- 
tulik.  In  addition  to  these  larger  areas  there  are  smaller  areas,  some 
shown  on  the  map  and  others  included  in  the  undifferentiated  meta- 
morphic rocks. 

AREA  EAST  OF  THE  DARBY  RANGE. 

Along  the  eastern  flank  of  the  Darby  Range  a  group  of  rocks, 
consisting  mainly  of  limestones  with  some  schistose  bands  and  closely 
associated  with  black  slates  and  quartzites,  was  noted  by  Mendenhall 
in  1900,  and  studied  in  some  detail  by  the  survey  party  in  1909. 
This  belt  extends  from  the  seacoast  with  a  general  northerly  trend 
across  Kwiniuk  River  and  along  the  Tubutulik,  forms  the  easteni 
divide  of  Death  Valley,  and  is  exposed  north  of  the  Koyuk  in  the 
hills  east  of  Kiwalik  Mountain.  Although  it  probably  extends  still 
farther  north,  its  obvious  continuation  ceases  at  this  place.  In  this 
distance  the  average  width  of  the  belt  is  from  4  to  6  miles.    Capital 
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exposures  are  afforded  along  the  seacoast  from  the  mouth  of  the 
Miniatulik  southeast  nearly  to  Carson  Creek.  Studied  in  detail,  the 
exposures  show  a  great  thickness  of  limestones,  considerable  dolo- 
mite, black  carbonaceous  slates,  and  schists,  all  cut  by  greenstones, 
granites,  and  diorites. 

The  limestones  are  in  places  grayish  blue  but  in  other  places 
nearly  black.  Associated  with  them  in  such  intimate  and  complex 
relations  that  they  can  be  separated  only  by  refined  investigation  are 
dolomites  usually  of  a  light-gray,  slightly  pinkish  color.  Light- 
colored  dolomites  have  been  recognized  in  the  sea  cliff  exposures,  in 
the  hills  between  the  Kwiniuk  and  the  Miniatulik  east  of  camp  CIS, 
and  in  the  hills  near  camp  C5,  and  east  of  Death  Valley.  No  meas- 
urement of  the  thickness  has  been  made,  but  it  seems  certain  that  not 
less  than  1,000  feet  are  required  to  account  for  the  field  distribution. 

Although  highly  metamorphosed,  poorly  preserved  fossils  were 
found  in  the  light-colored  dolomite  2^  miles  east  of  cailip  C15  on 
Kwiniuk  River.    According  to  Kindle,  who  examined  the  collection — 

liOt  9AS130,  locality  9AS180,  Kwiniuk  divide,  is  represented  by  a  single 
specimen.  This  is  the  now  well-linown  though  undescribed  thick-shelled  lamelll- 
branch  which  has  generally  been  compared  with  Megalomus  canadensis.  This 
fossil  indicates  a  late  Silurian  age  for  the  bed  from  which  it  comes.  It  is 
interesting  to  note  that  it  occurs  here  as  at  White  Mountain  (and  at  the 
Ramparts  of  the  Yukon)  in  a  highly  magnesian  limestone.  The  indexical 
value  of  this  fossil  rests  upon  our  knowledge  of  its  faunal  associations  in 
southeast  Alaska,  where  it  occurs  in  association  with  various  late  Silurian 
fossils. 

At  this  place  the  areal  relations  are  indeterminate.  There  is  some 
very  dark-colored  limestone  which  seems  to  be  either  a  thin  band 
between  two  dolomitic  bands  or  else  unconformably  overlies  the 
dolomite.  Northward,  however,  near  camp  C5,  at  the  head  of  Lost 
Creek,  the  dolomite  lies  to  the  east;  that  is,  apparently  on  top  of 
the  dark  limestone.  This  may  be  due  to  intense  folding  or  faulting, 
or  it  may  be  normal  depositional  sequence. 

The  limestones  associated  with  the  Silurian  dolomite  range  in 
color  from  light  bluish  gray,  nearly  white,  to  dark  gray,  almost 
black.  They  are  exposed  at  a  number  of  places  in  the  mapped  belt, 
but  the  most  significant  outcrops  are  those  found  in  the  divide  be- 
tween the  Kwiniuk  and  the  Tubutulik  and  along  the  coast  from 
camp  C16  to  camp  C19.  In  all  places  the  limestone  is  folded  and  con- 
torted with  many  faults  and  with  calcite  and  some  quartz  veins.  It 
has  been  intruded  by  greenstones,  granites,  and  diorites.  Plate  VIII, 
A  and  fi,  show  exposures  of  these  limestones  in  the  neighborhood  of 
the  intrusions  and  afford  a  fairly  good  idea  of  the  general  charac- 
ters, Plate  VIII,  4,  especially  shows  the  well-marked  bedding 
of  the  limestone,  emphasized  by  the  alternation  of  bands  of  light  and 
dark  colored  limestone.    Plate  VIII,  i?,  shows  a  more  schistose  phase, 
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with  the  bedding  marked  by  the  color 
in  the  right-hiind  portion. 

At  many  places  aioag  the  aea  oLiffB 
found,  and,  althou^  none  of  them  was 
to  permit  specific  determination,  there 
they  represent  a  higher  horizon  than 
,  described.  According  to  Kindle,  who 
Devonian  or  Carboniferous  horizon  is  r 
the  hij^er  rather  than  the  lower  porti< 
who  examined  the  fossils  hastily,  ah 
Devonian  c»  Carboniferous  determinati 
lower  rather  than  the  higher  position  « 
does  not  eeem,  howevw,  to  have  bem  ai 

the   amount  of  metamorphism  or  deformation   ondergtMw  l^  the 
Silurian  and  the  Devonian-Carboniferous  rocks. 

In  the  limestone  hills  south  of  the  Kwinluk  River  conditions  simi- 
lar to  those  noted  on  the  coast  were  observed,  and  it  is  evideot  Uist 
the  same  group  of  rocks  is  represented.  The  higher  hills  are  usually 
formed  of  limestone,  but  the  saddles  are  here  and  there  formed  of 
feldspathic  schists  presumably  of  later  origin.  Owing  to  the  scale 
of  the  map  it  has  not  been  practicable  to  indicate  these  later  achista 
except  in  a  most  general  way,  but  it  should  be  stated  that  these  schists 
and  greenstones  are  principally  of  igneous  origin;  they  are  Hot  in- 
cluded in  this  group  of  sedimentary  rocks,  but  will  be  described  later 
under  the  igneous  rocks. 

In  the  region  between  the  coast  and  Kwiniuk  River  there  are,  how- 
ever, slates  and  schists  of  sedimentary  origin  which  at  the  present 
time  are  not  to  be  separated  from  the  Paleozoic  limestones  already 
described.  The  precise  relation  lias  not  been  satisfactorily  detw- 
mined  and  fossiL^  have  not  been  found  in  them.  There  is  small  reason, 
however,  to  doubt  that  they  are  closely  related  to  the  Devonian-Car- 
boniferous group. 

These  schists  and  quartzitic  slates  are  perhaps  most  extensively 
exposed  in  the  upper  part  of  Mount  Kwiniuk,  but  their  structure 
and  other  characters  are  most  clearly  seen  in  the  coast  section.  Usu- 
ally these  rocks  are  of  a  black  color  due  to  the  presence  of  finely 
divided  carbonaceous  matter  which,  in  some  places  at  least,  is  graphite. 
The  rocks  are  very  quartzose  and  are  low  in  other  minerals.  Cleav- 
age is  commonly  {leveloi>ed,  but  schistosity  is  not  so  pronounced  as 
in  the  older  schists.  Apparently  schistosity  is  more  common  in  the  less 
quartzose  parts  of  the  rock.  In  the  normal  quartzose  phases  the  rock 
has  fractured  and  has  had  jointing  developed,  which  causes  the  rock 
to  disintegrate  into  a  talus  of  small  rectangular  blocks.  No  measure- 
ments of  the  thickness  of  the  slate-schist  member  were  obtained,  but 
it  must  be  at  least  several  hundred  feet. 
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From  the  foregoing  description,  it  is  evident  that  a  large  mass 
of  Paleozoic  sediments  which  have  undergone  more  or  less  fully  the 
same  general  history  lies  east  of  the  Darby  Range.  These  rocks,  which 
are  complexly  folded,  faulted,  and  metamorphosed,  consist  mainly 
of  dark-colored  limestones  with  subordinate  thicknesses  of  dolo- 
mite, black  slates,  and  schists.  They  are  cut  by  intrusives  of  green- 
stone, granite,  and  diorite  and  in  age  include  members  ranging  from 
Silurian  to  Devonian  or  Carboniferous,  with  neither  the  overlying 
nor  the  underlying  rocks  exposed  in  close  relationship.  They  have 
a  thickness  of  at  least  2,500  feet  and,  if  considerable  reduplication 
has  not  occurred,  their  thickness  possibly  exceeds  this  amount  many 
times.  They  form  bold  prominent  hills  with  scanty  vegetation,  cov- 
ered with  an  angular  frost-riven  talus  of  >float,  and  are  widely  devel- 
oped throughout  Seward  Peninsula. 

nSH  RIVER  AREA  WEST  OF  KACHAUIK  CREEK  TO  OPHIR  CREEK. 

In  the  hills  east  and  west  of  the  Fish  River  gorge  from  the  head 
of  Kachauik  Creek  to  Ophir  Creek,  including  the  limestone  hills  on 
Fish  River  near  White  Mountain,  is  an  area  of  Paleozoic  rocks  to 
be  correlated  with  the  rocks  of  the  Kwiniuk  region.  The  most 
definite  data  regarding  the  geology  of  this  field  are  afforded  by  the 
exposures  near  White  Mountain.  Fossiliferous  beds  were  found  here 
by  Mendenhalt  in  1900  and  have  been  further  studied  by  Collier, 
Hess,  Kindle,  and  Smith,  but  were  not  visited  by  the  party  in  1909. 
In  the  description  of  the  exposures  on  the  lower  Fish  River  it  will 
not  be  possible  except  at  great  sacrifice  of  brevity  to  credit  the  par- 
ticular contributions  of  each  of  the  different  geologists,  but  it  may 
be  remarked  that  the  present  writers  are  acting  more  in  the  role  of 
compilers  than  contributors. 

Three  miles  southeast  of  White  Mountain  micaceous,  highly  met- 
amorphic  schists  dipping  north  underlie,  probably  unconformably, 
the  rocks  farther  up  the  river.  There  is  a  considerable  area  of  river 
flood  plain  in  which  exposures  are  lacking,  and  then  come  white 
dolomite  hills  from  which  the  settlement  of  White  Mountain  is 
named.  The  dolomite  is  lithologically  identical  with  the  dolomite 
of  the  Kwiniuk  region,  and  furthermore  contains  the  same  thick- 
shelled  lamellibranch  {Megalomus  canadensis)  together  with  cer- 
tain other  Silurian  forms;  the  correlation  seems  therefore  well 
founded.  Less  schistosity  has  been  developed  in  the  dolomite  than 
in  the  rocks  to  the  southeast,  and  for  that  reason  there  is  believed 
to  be  an  unconformity  between  the  two. 

Farther  upstream  and — if  the  apparent  structure  of  the  rocks  is 
the  true  structure — overlying  the  dolomite  is  a  series  of  schists. 
Considerable  doubt  is  felt  as  to  the  relation  of  these  schists,  and  it 
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atone.  This  limest<uie  ia  litholi^cally  identical  with  the  bisdk  lime- 
atone  of  the  Kwiniuk  localify,  and  the  fossils  have  bera  determined 
to  be  analogous.  As  a  whole  the  rocks  on  lower  Fidi  Bivra*  are  less 
metamorpfaoeed  than  in  the  Kwiniuk  regi<Hi.  Near  tbe  black  De- 
Tonian  or  Caibonifcrous  limestone  are  black  graphitic  states  the 
relation  of  which  is  not  determinable,  but  they  seon  to  he  litho- 
logically  similar  to  the  slatee  on  Mount  Kwiniuk  in  the  m<Hre  eastern 
locality. 

Along  the  divide  between  the  Fish  Biver  lowland  and  Qdofnin 
Sound  from  camp  CSS  west  to  the  head  of  Mystery  Creek  limestones 
with  Idat^  slates  form  the  conntzy  n>ck.  None  of  the  beds,  how- 
ever, w»e  recog^iized  as  dolomitic.  As  a  whde  the  rocks  from 
eunp  C28  to  Fish  Blver  are  mon  schistose  than  their  equivalents  at 
White  and  at  Black  mountains,  but  the  dinninant  north-aonth  trend 
aoemB  to  be  sbvng  reason  for  connecting  the  rocks  at  the  two  places. 
Apparently,  the  dip  of  these  beds  east  of  Fish  Biver  is  to  tlie  west 
at  rather  hi^  angles,  bat  wigioal  bedding  is  s^dcfft  reoognizaUe, 
and  the' occurrence  of  diverse  dip  at  places  where  the  two  structures 
have  been  determined  points  strongly  to  the  conclusion  that  the 
great  thickness  represented  by  the  surface  exposures  is  due  to  re- 
duplication through  folding. 

West  of  Fi^  River  gorge  the  schistose  diameter  of  the  lime- 
stones is  less  pronounced,  the  rock  becomes  more  massive  and,  al- 
though shattered  and  deformed,  shows  not  much  cleavage  and  but  few 
secondary  minerals.  Immediately  beneath  the  limestone  at  the  head 
of  Mystery  Creek  lies  a  considerable  thickness  of  black  qusrtzitic  and 
graphitic  slates.  These  have  not  been  adequately  differentiated  in 
the  field,  and  it  is  probable  that  part  of  the  undifferentiated  schists . 
on  Melsing  Creek  may  belong  to  the  same  schist  series  as  those  in  the 
Kwiniuk  region,  for  black  graphitic  slates  closely  associated  with 
limestones  are  known  to  occur  at  many  places  in  the  basin  of.  this 


^Vhether  the  Paleozoic  rocks  extend  northward  across  the  Fish 
Biver  flats  and  are  represented  by  the  limestone-slate  group  at  the 
head  of  Fish  Biver  and  Boston  Creek  has  not  been  definitely  proved. 
It  is  assumed,  however,  in  the  absence  of  conflicting  evidence,  that 
the  two  areas  are  the  same,  and  it  is  on  this  basis  that  they  have  been 
represented  by  the  same  pattern  on  the  geologic  map  (PI.  VI). 
According  to  Mendenhall's  field  notes  the  eastern  part  of  this  area 
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consists  mainly  of  white  crystalline  limestone  associated  with  gra- 
phitic and  rusty  schists.  So  far  as  his  records  show,  the  predomi- 
nant dip  is  to  the  west  and  the  strike  northwest. 

In  1909  F.  F.  Henshaw  traversed  the  lower  slopes  of  the  hills 
north  of  the  Fish  River  lowland  from  Pargon  River  as  far  east 
as  Boston  Creek  and  the  geology  for  that  part  of  the  range  is  repre- 
sented according  to  his  observations  and  is  only  approximate. 
^Vliether  this  belt  of  limestones  may  not  continue  still  farther  north 
across  the  range  is  not  known  because  of  the  absence  of  any  field 
investigation.  Although .  such  an  interpretation  is  probable,  it  has 
been  deemed  expedient  to  truncate  abnormally  the  Paleozoic  pattern 
by  representing  the  northern  part  of  the  range  as  formed  of  undiffer- 
entiated rocks. 

In  the  vicinity  of  the  mountains  the  Paleozoic  rocks  are  cut  by 
granite  dikes  and  are  locally  as  well  as  dynamically  metamorphosed. 
South  of  the  Fish  River  lowland  the  Paleozoic  rocks  are  also  cut  by 
granites  and  in  addition  are  intruded  by  greenstones.  The  latter 
undoubtedly  would  be  found  in  the  northern  area  also  if  more  of  the 
region  had  been  examined.  It  should  be  noted  that  where  mica-like 
minerals  occur  in  the  Paleozoic  rocks  near  the  granitic  intrusives  the 
mineral  is  usually  biotite,  whereas  in  the  parts  remote  from  the  in- 
fluence of  the  granite  the  mineral  is  chlorite,  and  biotite  is  absent. 

OMILAK  MINE  AREA  ON  WEST  SLOPES  OF  DARBY  RANGE. 

East  of  the  area  of  Paleozoic  rocks  just  described  there  are  lime- 
stones which  resemble  in  many  features  those  of  the  Kwiniuk  region, 
rnd  although  the  correlation  is  by  no  means  conclusive,  it  is  the  closest 
that  can  be  made  with  the  data  now  available.  No  fossils  have  been 
found  in  these  rocks  and  their  structure  is  so  complex  that  any  relation 
between  the  various  units  may  be  postulated.  The  correlation  be- 
tween the  limestones  east  and  south  of  the  Omilak  mine  has  been 
based  almost  entirely  on  lithologic  evidence.  The  geologic  map  of 
the  Omilak  region  (PI.  VII,  p.  45)  shows  the  distribution  of  the 
rocks  in  greater  detail  than  the  general  geologic  map  (PI.  VI). 
Even  this  scale,  however,  fails  to  express  the  complex  character  of 
structure  and  areal  distribution  of  the  rocks.  Plate  IX,  B^  shows  a 
view  northward  from  a  point  on  the  divide  between  the  two  branches 
of  the  Rathlatulik  about  3  miles  east  of  camp  C  11.  The  white  areas 
in  the  view  are  limestones  and  the  darker  parts  are  schist.  Some  of 
the  schists  are  undoubtedly  derived  from  rocks  of  igneous  origin,  but 
others  were  unquestionably  deposited  as  sediments.  Most  of  the 
limestones  are  ordinary  calcareous  rocks,  but  some  are  dolomitic.  In 
the  view  above  referred  to  at  several  places  in  the  eastern  or  right- 
hand  belt  of  white  rocks  light-colored  dolomites  have  been  found.  This 
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fact  points  strongly  to  the  conclusion  that  these  beds  represent  the 
dolomitic  portion  of  the  Paleozoic  rocks  of  the  Kwiniuk  region. 

With  these  limestones  black  graphitic  quartzites  have  been  found 
here  and  there  similar  to  those  on  Mount  Kwiniuk.  This  type  of 
rock  is  not  so  abundant  as  at  the  other  places.  Its  apparently  small 
extent  is  believed  to  be  due  in  part  to  the  greater  amount  of  defor- 
mation and  contact  metamorphism  whereby  it  has  been  transformed 
into  a  biotite  schist  or  into  a  nearly  white  quartzite. 

BLUFF-TOPKOK  HEAD  AREA. 

The  westernmost  mapped  area  of  rocks  correlated  with  the  Paleo- 
zoic rocks  of  the  Kwiniuk  region  occur  near  Bluff  and  appear  at 
several  points  along  the  western  border  of  the  area.  Unfortunately, 
this  part  of  the  field  has  not  been  thoroughly  surveyed,  and  consider- 
able areas  which,  if  more  fully  known,  might  belong  to  this  series 
have  been  placed  in  the  undifferentiated  metamorphic  rocks. 

The  Bluff  region  was  not  visited  in  1909  and  the  account  h^re  given 
is  taken  from  a  summary  report  by  Brooks  ^  in  1906. 

RicbardsoD,  who  through  his  acquaintance  with  adjacent  areas  had  a  broader 
knowledge  of  the  Bluff  region  than  the  writer,  divided  tlie  bedrock  terranes 
into  three  groups — (1)  a  massive  gray  crystalline  limestone,  (2)  a  mica  schist 
with  some  iuterbedded  graphitic  limestone,  and  (3)  a  formation  of  massive 
limestones  and  mica  schist.  The  writer's  observations  hardly  bear  out  the  cor- 
rectness of  this  succession  of  beds,  for  it  appears  to  him  that  there  is  only  one 
massive  white  limestone  which  is  succeeded  by  a  mica  schist  and  graphitic  lime- 
stone formation.  Some  facts  are  presented  !)elow  which  would  indicate  that  the 
mica  schists  are,  in  part  at  least,  altered  intrusives  and  hence  do  not  mark  any 
definite  stratigraphic  iM^sition. 

The  larger  structures  of  the  Bluff  region  appear  to  be  simple,  but  there  are 
many  minor  complications.  The  heavy  limestone  has  been  uplifted  into  a  low 
dome,  whose  lonjjer  axis  stretches  approximately  N.  70°  E.  About  3  miles  north- 
east of  Bluff  this  structure  carries  a  limestone  underneath  the  younger  mica 
schists. 

It  is  evident  from  this  description  that  lithologically  the  same  rocks 
are  represented  here  as  in  the  Kwiniuk  region,  namely,  limestones, 
some  of  which  are  dark-colored,  suggesting  the  Devonian-Carbonif- 
erous limestone  and  bhick  graphitic  slates.  The  fact  that  these  rocks 
are  cut  by  intrusives  of  greenstone  is  also  indicative  of  a  similarity 
between  the  two  regions.  Although  Brooks  correlated  these  rocks 
with  the  Port  Clarence  limestone,  the  fact  that  Devonian-Carbonif- 
erous rocks,  as  well  as  Silurian  and  possibly  older  ones,  may  be  rep- 
resentiMl  makes  it  undesirable  to  continue  that  correlation,  and  these 
rocks  are  therefore  mapped  as  Paleozoic. 

'  Collier  and  others,  The  gold  placers  of  parts  of  Soward  renlnsula.  Alaska:  Bull.  U.  S. 
CJeol.  Survey  No.  '62b,  1908— The  Bluflf  region,  pp.  285-280. 
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AREA   AT  THE   HEAD   OF  THE   MUKLUKTULIK. 

The  fifth  and  last  large  area  represented  on  the  southeastern  Sew- 
ard Peninsula  map  as  belonging  to  the  Paleozoic  rocks  is  the  eastern 
area  in  the  Mukluktulik  divide.  This  belt  trends  north  and  south. 
On  the  south  it  forms  Bald  Head  or  Isaacs  Point  where  it  is  cut  off 
by  the  sea.  To  the  north  a  prominent  hill  locally  called  Haystack 
Mountain,  on  the  north  side  of  the  Koyuk  Valley,  marks  the  farthest 
extent  in  that  direction ;  beyond  that  point  more  recent  igneous  rocks 
have  cut  or  covered  the  formation. 

At  the  eastern  margin  of  the  area  is  a  belt  of  white  quartzite  a  mile 
or  so  in  width.  This  is  cut  off  by  basic  lavas  that  form  the  hills 
east  of  Alameda  Creek.  It  is  believed  that  the  quartzite  is  equivalent 
to  the  black  quartzitic  and  graphitic  slates  of  Mount  Kwiniuk,  so 
metamorphosed  locally  by  the  igneous  rocks  that  the  carbon  has  been 
destroyed.  West  of  the  quartzite  ridge  there  is  a  considerable  thick- 
ness of  calcareous  schist  with  some  white  limestone  bands,  but  on  the 
divide  at  the  head  of  Coal  Creek  a  white,  completely  recrystallized 
limestone  forms  knobs  trending  a  little  east  of  north.  Sink  holes  500 
to  600  feet  above  the  sea  are  common,  and^some  of  them  show  ledges 
of  limestone.  This  limestone  has  a  strong  fetid  odor  when  freshly 
broken,  and  shows  no  original  bedding  or  signs  of  organic  remains. 
Farther  west,  about  7  miles  from  camp  B17,  at  the  mouth  of  the 
Koyuk,  alternations  of  black  graphitic  quartzitic  slates  or  schists  and 
limestone  beds  form  an  intricate  complex  about  2^  miles  wide  trend- 
ing northeast.  The  dips,  so  far  as  observed,  were  all  to  the  east,  but 
the  arrangement  of  the  different  lithologic  units  is  such  as  to  suggest 
extensive  faulting  or  overturned  and  crumpled  folds. 

Northwest  of  this  belt  of  alternations  of  black  slates  and  limestones 
for  4  miles  is  a  series  of  dark  limestones  and  calcareous  schists  dip- 
ping southeast  and  striking  northeast-southwest.  Exposures  in  this 
field  are  rare  and  unsatisfactory.  The  western  part  of  this  area  is 
formed  of  a  belt  2  miles  wide  of  black  carbonaceous  slates  and  -schists. 
No  outcrops  in  place  were  observed,  but  the  unmixed  character  of 
the  float  points  to  the  conclusion  that  this  is  the  country  rock.  It  is 
in  all  essentials  lithologically  identical  with  the  slates  in  the  belt 
farther  east  already  described,  and  slight  hesitation  is  felt  in  ascrib- 
ing it  to  the  same  series.  More  detailed  work  would  undoubtedly 
permit  further  differentiation  of  these  two  distinct  lithologic  phases. 
For  the  present  it  may  be  stated  that  whereas  if,  on  the  one  hand, 
the  dip  is  considered  to  be  dominantly  to  the  east  the  section  shows 
a  black  slate  and  quartzite  at  the  base,  succeeded  by  a  thick  limestone 
and  limestone-schist  member,  succeeded  by  an  alternating  series  of 
limestones  and  black  slates,  succeeded  by  another  thick  series  of  lime- 
stones with  some  schistose  phases,  and  this  in  turn  followed  by  a  mas- 


but  such  subdivision  would  prol>ably  not  add  greatly  to  the  under- 
standing of  the  economic  problems  connected  with  this  group  of 
rocks. 

CBETACEOUS  SEBmENTAB'S'  BOCKS. 

In  the  eastern  part  of  the  Nulafo-Coimcil  region  a  large  area,  ex- 
tending from  Norton  Bay  and  Koyuk  River  on  the  west  to  beyond 
the  Yukon  on  the  east,  is  occupied  by  a  series  of  sedimentary  rocks, 
including  conglomerates,  grits,  sandstones,  shales,  and  thin  lignite 
beds.  These  deposits  extend  north  and  south  beyond  the  field  in- 
vestigated. The  only  other  rocks  within  this  area  are  a  few  dikes 
near  Bonanza  Creek,  the  intrusive  massif  of  Christmas  Mountain, 
and  relatively  small  areas  of  Tertiary  effiisives  on  the  Koyuk  and 
near  the  mouth  of  the  Koyiikuk. 

Beds  similar  to  certain  of  those  found  in  the  main  sedimentary 
area  are  exposed  at  the  mouth  of  Koyuk  River  and  on  its  north 
bank  at  a  point  about  4  miles  west  of  the  mouth  of  East  Fork,  also 
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in  the  long  ridge  which  forms  the  Kwik-Tubutulik  divide.  These 
outlying  areas  of  sedimentary  rocks  comprise  only  a  few  square 
miles. 

The  unmetamorphosed,  consolidated  sedimentary  rocks  of  the 
region  apparently  comprise  a  single  conformable  series  of  great 
thickness.  Two  distinct  types  of  deposits  are  recognized  and  will 
be  described  in  their  order  of  occurrence  as  follows:  First,  a  basal 
conglomerate  called  in  this  report  the  Ungalik  conglomerate;  second, 
an  overlying  group  of  sandstones  and  shales  called  the  Shaktolik 
group.  The  Shaktolik  group  is  separated  into  two  divisions,  the 
lower  distinguished  by  a  preponderance  of  sandstones  over  shale,  and 
the  upper  in  which  shales  are  in  excess. 

UNGALIK   CONGIiOMERATE. 

The  lowest  member  of  the  Cretaceous  sedimentary  series,  a  basal 
conglomerate  of  marine  origin,  is  called  the  Ungalik  conglomerate, 
after  the  river  of  that  name,  along  whose  lower  course  it  was  first 
noted.  This  formation  occurs  along  East  Fork  of  the  Koyuk  Kiver 
and  on  the  Kwik-Tubutulik  divide.     (See  Fl.  V,  in  pocket.) 

The  Ungalik  conglomerate  is  exposed  in  steep- faced  cliffs  along 
Ungalik  River  and  forms  most  of  the  prominent  range  of  hills  be- 
tween the  river  and  the  coastal  plain  from  Bonanza  Creek  north  to 
a  point  about  a  mile  below  camp  A17.  Here  the  strike  changes  and 
the  conglomerate  appears  in  the  hills  east  of  the  river.  Its  eastern 
limit  was  not  determined,  but  its  characteristic  pinnacled  topography 
does  not  extend  far  beyond  this  point. 

In  this  locality  the  conglomerate  ranges  in  texture  within  moderate 
limits,  the  coarsest  phases  carrying  bowlders  up  to  3  feet  in  diameter. 
Assortment  and  bedding  are  poor.  The  most  characteristic  ma- 
terials are  a  variety  of  porphyritic  rocks  and  abundant  angular  feld- 
spar crj'stals  in  the  sandy  matrix.  A  strong  red  coloration  on 
weathering  indicates  an  abundance  of  iron.  The  bedding  is  so  in- 
definite and  obscure  that  no  conclusive  evidence  as  to  the  attitude 
or  thickness  of  the  formation  could  be  obtained.  However,  a  thick- 
ness of  at  least  several  hundred  feet  is  certain. 

That  deformation  has  been  intense  is  indicated  by  the  abundant 
slickensides  developed  both  in  the  conglomerate  and  at  its  contact 
with  other  members.  On  the  Ungalik  east  of  camp  A16  it  is  faulted 
against  black  slates  which  represent  a  much  higher  horizon  in  the 
series.  At  this  point  the  slates  are  approximately  vertical.  In  the 
bluff  on  the  Ungalik  south  of  camp  Al6  are  several  dikes  intruded 
in  the  conglomerate.  They  are  much  faulted  and  indicate  the 
amount  of  deformation  which  has  occured  throughout  the  vicinity. 
The  conglomerate  area  is  characterized  by  a  rather  rugged  topog- 
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rnpliy.    WHiere  there  is  considerable  relief  the  hilltops  and  diarp 
ridges  are  often  marked  by  bare,  nigged  pinnacles. 

The  conglomerate  is  the  basal  formation  of  the  sedimentary  aeries. 
It  is  made  up  of  rounded  debris  derived  from  the  older  fmnations, 
on  which  it  rests  unconformably.  It  chronicles  a  period  of  more  or 
less  gradual  advancement  of  shore  conditions. 

On  East  F^ork  the  conglomerate  occupies  a  belt  about  8  milea  wide, 
trending  north  and  south.  It  is  similar  to  that  in  the  Ungalik 
Valley  in  texture  and  in  the  lack  of  assortment  and  bedding.'  The 
materials  include  a  variety  of  igneous  rock  types  in  the  outcrops 
near  camp  Bll.  Fartlier  west,  near  camp  B12,  it  consists  of  a 
variety  of  granitic  rocks  of  local  derivation.  No  conclusive  evidence 
as  to  the  attitude  or  thickness  of  the  conglomerate  in  the  East  Fork 
region  was  available,  but  the  relief  develo]3ed  in  the  formation  indi- 
cates a  thickness  of  at  least  several  hundred  feet. 

Along  the  Kwik-Tubutulik  divide  the  Ungalik  conglomerate  belt 
has  a  width  of  from  3  to  5  miles.  The  main  ridge  forming  this 
divide  and  its  northward  extensicm  into  the  Koyuk  drainage  basin  is 
composed  almost  entirely  of  limestone.  The  bowlders  are  smaller 
as  a  rule  than  those  in  the  Ungalik  and  the  East  Fork  localities. 
There  is  also  greater  variation  in  texture,  the  deposits  including 
grits  and  limy  sandstone  layers.  Some  of  the  latter  furnished  fossil 
plants  of  Cretaceous  age.  Fossil  corals  taken  from  a  limestone 
bowlder  in  the  conglomerate  on  the  Kwik-Tubutulik  divide  about 
5  miles  south  of  the  camp  C4  were  of  Paleozoic  age. 

Alon^  the  col  at  tlie  head  of  Lojst  Creek  the  conglomerate  is  rela- 
tively free  of  limestone  and  schist  material,  l)eing  made  up  mainly  - 
of  igneous  rocks  and  quartz.  Vertical  di})S  were  observed  at  a 
number  of  j)laces  and  probably  represent  the  general  attitude  of  the 
beds  in  most  of  this  area.  The  high  dips  and  the  fact  that  the  con- 
glomerate area  is  surrounded  by  Paleozoic  rocks  show  that  the 
younger  beds  have  been  folded  or  faulted  downward  from  their 
former  relative  position,  and  indicate  the  extensive  removal  of  Cre- 
taceous sediments  from  ureas  which  they  formerly  o(»cupied.  As  in 
the  other  oc('urn*nces,  the  conglomerate  marks  a  period  of  littoral  ero- 
sion and  deposition,  and  being  derived  from  the  rocks  upon  which 
it  rests,  its  relation  to  tlnMu  is  that  of  unconformitv. 

Mendenhall  notes"  the  occurrence  of  unaltered  sediments  at  two 
points  nlong  Tubutlulik  River.     Tie  says: 

Klev«Mi  or  twelvt^  iiiil<»s  nbovo  tho  iiionlli  of  the  Tubntnlik  some  bluish  and 
shaly  sandstones  aiul  fin<*  quartz  conj^Ionifratrs,  entirely  iinaUonMl.  but  dipping 
r)4»'  itv  (M)"  NK..  ontcrops  alon^  tlio  rivor  bank.  Two  or  tliriv  miles  above  this 
exposure  is  another  t>f  soft.  l»ro\vn  sandstone  and  Inie  (•onjrlnierat**  with  blue  clay 
shales. 


"  Mcurlonlijill.   W.   (\.  Hoconnalssanco   In   tbo  Norton   Hay   region,   Alaska,   In   1900,  a 
special  publication  of  tlie  U.  S.  fieol.  Survey,  1001.  p.  205. 
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Being  immediately  adjacent  to  the  conglomerate  area  and  having 
suffered  similar  deformation,  these  sediments  probably  belong  with 
the  conglomerate  in  the  same  general  series. 

About  70  miles  east  of  Nulato,  below  the  mouth  of  Melozitna  River, 
a  series  of  conglomerates,  grits,  and  shales  is  exposed  slong  the 
Yukon.  According  to  Spurr®  these  beds  overlie  Paleozoic  rocks  and 
are  made  up  of  materials  derived  from  them.  Farther  down  the 
Yukon  the  conglomeratic  beds  are  less  important  and  the  series  con- 
sists mainly  of  grits,  sandstones,  and  shales. 

The  determination  of  fossils  collected  by  Atwood  in  1907  from  a 
number  of  horizons  of  this  series  refers  them  all  to  the  Upper 
Cretaceous.  The  Melozitna  locality  may  be  regarded  as  having  been 
at  one  time  the  eastern  margin  of  the  area  of  Mesozoic  deposition,  as 
the  conglomerate  areas  near  Norton  Bay  indicate  the  one  time  western 
margin. 

An  exact  correlation  of  the  conglomerates  of  Melozitna  River  and 
of  the  Norton  Bay  localities  is  not  advocated,  though  by  no  means 
impossible.  The  similarity  of  deposits  means  that  the  same  condi- 
tions which  prevailed  at  one  time  at  one  of  the  localities  prevailed  at 
some  time  during  the  same  general  period  at  the  others,  littoral  con- 
dition necessarily  existing  throughout  the  life  of  the  Mesozoic  Basin. 

SHAKTOLIK   GROUP. 

The  Shaktolik  group,  so  called  after  the  river  of  that  name,  which 
affords  a  good  section  of  the  beds,  includes  a  thick  series  of  sand- 
stones, shales,  and  grits.  This  name  is  used  to  designate  all  the  beds 
between  the  Ungalik  conglomerate  and  the  top  of  the  sedimentary 
series.  Beds  of  this  group  are  widely  distributed  in  the  sedimentary 
area  and  occupy  most  of  its  space. 

For  convenience  of  description  a  separation  into  two  divisions  is 
made,  the  lower  characterized  by  abundance  of  sandstones,  the  upper 
by  the  predominance  of  shales.  Each  will  be  treated  separately  in 
the  order  of  stratigraphic  position  and  localities. 

LOWSB  DrVISZOV  OF  THE  SHAKTOLZX  OXOUV. 

Shaktolik  River  and  westward. — Along  Shaktolik  River  and  west- 
ward the  Shaktolik  group  is  made  up  of  alternating  beds  of  sand- 
stone and  shale,  the  latter  aggregating  only  a  small  part  of  the  total 
thickness.  (See  PI.  X,  A.)  The  sandstcmes  are  usually  fine  grained, 
dense,  and  compact,  and  in  some  places  resemble  fine-grained  igneous 
rocks  so  closely  in  apearance  and  in  constituent  minerals  that  their 

*  Spurr,  J.  B.,  Geoloi^  of  tbe  Yukon  gold  district,  Alaska :  Eighteenth  Ann.  Bept.  U.  8. 
Oeol.  Barvey,  pt.  3,  1898,  p.  189. 
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true  character  was  determinable  only  with  the  aid  of  the  microscope. 
Near  camp  AlO  some  of  the  beds  exhibit  a  peculiar  concretionary 
structure,  large  spherical  masses  breaking  down  in  concentric  shells 
under  the  blows  of  a  light  hammer.  (See  PL  X,  B,)  Another 
unusual  structure  shows  in  the  form  of  weathered  surfaces  seen  at  a 
number  of  places  in  the  sandstone  area,  especially  near  camps  A12 
and  B6.  The  surfaces  mentioned  were  marked  by  linear  striations 
and  flutings  and  by  lobate  forms  suggesting  surface  flow.  (See 
PL  XI,  ^1.)  Whether  these  structures  are  original  or  have  been 
developed  by  post  deposit  ional  movements  between  beds  is  not  known. 
Ordinarj^  ripple  marks  are  absent  in  the  same  localities. 

Microscopically,  the  sandstones  show  a  very  even  texture.  The 
sand  grains  are  seldom  well  rounded  and  are  especially  sharp  in  the 
finer-grained  beds.  In  composition  they  include  feldspars,  quartz, 
calcite,  pyroxenes,  amphiboles,  micas,  and  fragments  of  dense  igneous 
rocks.  Most  of  the  material  of  the  sandstones  could  be  derived  from 
the  rock  types  that  are  found  in  the  Ungalik  conglomerate.  Some  of 
the  lower  sandstone  beds*  resemble  the  matrix  of  the  conglomerate 
closely,  pointing  to  continued  sedimentation  from  the  same  source. 
Other  beds  approach  limestone  in  composition,  the  sand  grains  being 
mainly  calcite  derived  from  older  limestones.  Calcite  deposited  from 
solution  is  the  principal  cement.  Locally,  secondary  minerals  of  a 
serpentinous  character,  due  to  the  post-depositional  alteration  of 
femic  minerals,  forms  the  cement,  giving  the  rock  a  speckled  or 
mottled  appearance.  Such  alteration,  however,  is  not  general,  the 
sandstones  boiiior  remarkable  for  the  unaltered  condition  of  the 
minerals  they  contain.  The  rocks  are  not  highly  colored  as  a  rule, 
shades  of  gray  being  most  connnon  in  fresh  specimens.  Many  of 
the  finer  deposits  are  colored  black  by  carljonaceous  matter  which 
they  contain.  Others  have  reddish  and  reddish-brown  tones,  due  to 
iron  oxides.     Iron  staining  is  connnon  on  weathered  surfaces. 

The  beds  have  been  extensively  deformed,  close  folding  along 
northeasterly  and  southwesterly  axes  having  occurred.  The  dips 
are  very  high  over  most  of  the  area,  varying  within  a  few  degrees 
on  either  side  of  S)0"  along  the  Shaktolik.  The  stronger  beds  often 
find  topographic  expression  in  j)roniinent  ridges,  but  much  of  the 
topography  has  smooth  rounded  forms  in  which  both  lithology  and 
structure  are  obscured. 

Where  good  exposures  were  observed  much  faulting  was  noted.  In 
other  ])laces,  where  the  structure  was  obscure  in  detail,  the  relation 
of  beds  indicated  extensive  displacement.  It  is  safe  to  assume  that 
faulting  on  both  a  large  and  a  small  scale  has  been  an  important 
part  of  the  deformation  of  the  group.  Schist osity  has  been  developed 
locally  in  places  near  the  structural  axes,  especially  in  the  fine- 
grained carbonaceous  members. 
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The  actual  thickness  of  the  Shaktolik  group  at  any  point  is  not 
known.  A  partial  section  exposed  on  the  headwaters  of  the  Inglu- 
talik  River  gives  an  apparent  thickness  of  tens  of  thousands  of  feet. 
Due  allowance  for  the  repetition  of  beds  by  faulting  being  made, 
the  group  is  still  of  very  great  thickness. 

The  lower  or  sandy  division  of  the  Shaktolik  group  overlies  the 
Ungalik  conglomerate  in  apparent  conformity,  and  probably  grades 
upward  without  a  break  into  the  upper  division  of  the  group,  which 
consists  mainly  of  black  shales,  and  though  recognized  as  distinct  in 
type,  could  not  be  differentiated  from  the  lower  beds  in  mapping 
without  more  detailed  survey. 

Near  Nulato, — ^A  group  of  sandstones,  shales,  and  grits  with  minor 
lignitic  beds  outcrops  along  Yukon  River  near  Nulato.  These  beds 
have  been  known  as  the  Nulato  sandstone  since  first  visited  by  Dall 
in  1866.  They  are  only  a  part  of  a  great  series  of  similar  deposits 
which  are  included  in  the  Shaktolik  group.  The  work  in  this  region 
has  not  been  sufficiently  detailed  to  determine  whether  it  will  be  pos- 
sible to  retain  the  name  Nulato  for  one  of  the  formations  of  this 
group. 

The  early  writers,  Dall  and  Spurr,^  considered  these  beds  of  Ter- 
tiary age,  but  subsequent  visits  of  Collier  (1902),  Hollick  (1903), 
and  Atwood  (1907)  and  the  study  of  their  collection  by  Stanton 
and  Knowlton  have  shown  them  to  be  of  Upper  Cretaceous  age.  The 
investigation  of  1909  indicates  that  not  only  are  these  beds  of  Creta- 
ceous age,  but  that  a  thickness  of  several  thousands  of  feet  of  beds  of 
undoubtedly  Cretaceous  age  overlies  them. 

In  the  Nulato  section  sandstones  predominate  over  the  shales,  grits, 
and  lignite  beds  that  make  up  the  rest  of  the  group.  Notes  furnished 
by  Atwood  *  show  that  different  types  of  beds  alternate  in  close  suc- 
cession. Fossil  plants,  lignite  deposits,  cross-bedding,  and  ripple 
marks  indicate  shallow  water  conditions  during  part  of  the  period 
of  deposition,  but  alternating  with  these  are  beds  bearing  marine 
shells  and  worm  borings.  Some  of  the  sandstones  are  of  the  even- 
grained,  dense  type  common  in  the  Shaktolik  region  and  also  noted 
near  camp  A2.  On  the  whole,  the  sedimentary  rocks  near  Nulato 
show  a  greater  variation  in  type  and  indicate  more  changeable  con- 
ditions of  deposition  than  the  rocks  of  the  localities  farther  west. 

The  structure  near  Nulato  is  rather  simple,  the  beds  dipping  in 
general  to  the  northwest  at  angles  up  to  40°  or  50°.  Locally  the 
beds  are  much  faulted  and  crushed  along  the  axes  of  minor  folds. 
No  definite  measurement  of  the  section  was  attempted,  but  it  must  be 
many  thousand  feet  in  thickness.    The  relations  of  these  beds  to  the 

•Dall,  W.  H.,  Bull.   U.   S.   Geol.   Survey  No.   84,    1892,   pp.   247-248.     Spurr.   J.    E., 
Eighteenth  Ann.  Kept.  U.  S.  Geol.  Surrey,  pt.  3.  1898,  p.  196. 
»  Unpublished  Information ;  report  In  preparation. 
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underlying  formations  are  not  evident  at  this  locality.  They  occupy 
the  area  west  of  the  Yukon  to  the  locality  of  camp  A6,  where  they  are 
overlain,  probably  conformably,  by  the  black  shales  which  form  the 
upper  division  of  the  Shaktolik  group. 

Bishop  Rock, — Bishop  Rock  is  a  low,  rocky  knob  on  the  Yukon 
about  10  miles  above  the  mouth  of  the  Koyukuk.  It  is  composed  of 
compact  limy  and  shaly  sandstones.  Fossils  collected  here  by  Atwood 
in  1907  were  determined  as  Upper  Cretaceous. 

Near  MeloziUia  River. — Overlying  the  basal  conglomerate  corre- 
lated with  the  Ungalik  conglomerate  near  the  mouth  of  the  Melozitna 
Kiver  and  downstream  for  30  miles  or  more  a  series  of  sandstones, 
grits,  and  shales  outcrops  along  the  Yukon.  In  lithology,  fossils,  and 
relation  to  the  basal  conglomerates  these  beds  are  similar  to  the  Shak- 
tolik group  farther  west  and  are  regarded  as  belonging  to  that  group. 

VPPEB  BrTIBIOV  OF  BHAJTrOLXK  O&OUP. 

The  upper  division  of  the  Shaktolik  group  occupies  the  central 
part  of  the  sedimentary  area  along  the' Nulato-Gisasa  divide  and  west- 
ward to  the  head  of  Shaktolik  River.  It  consists  predominantly 
of  black  shales,  but  contains  subordinate  beds  of  calcareous  sandstone. 
Some  of  the  latter  5  miles  west  and  2  miles  south  of  camp  A5  furnish 
invertebrate  fossils  of  Upper  Cretaceous  age. 

This  group  of  beds  probably  represents  a  vertical  gradation  into 
finer  sediments  upward  in  the  series,  thou^  lateral  gradation  is  not 
impossible.  The  shales  are  very  carbonaceous,  indurated,  and  on 
weathering  in  places  break  down  into  pencil-like  fragments.  Schis- 
tosity  has  been  developed  locally  near  structural  axes  in  some  of  the 
more  carbonaceous  members.  The  more  resistant  members  stand  out 
in  strong  ridges;  the  slopes  are  steep,  covered  with  fine  talus,  and 
almost  barren  of  vegetation.  Structurally  the  shales  agree  with  the 
underlying  standstones,  with  which  they  are  conformable.  Black 
shales  accompany  the  sandstones  throughout  the  Shaktolik  group,  but 
the  part  of  the  group  in  which  they  predominate  strongly  enough  to 
be  distinguished  as  a  separate  division  probably  does  not  include-more 
than  a  few  thousand  feet. 

IGNEOUS  BOCKS. 

FnMn  the  foregoing  description  of  the  sedimentary  rocks  it  is  seen 
that  the  Cretaceous  deposits  give  a  good  horizon  to  which  to  refer 
different  geological  activities.  The  pebbles  in  the  conglomerate  at 
the  base  of  the  Cretaceous  show  what  rocks  were  in  existence  when 
the  beds  were  deposited,  and  all  igneous  rocks  cutting  the  Cretaceous 
must  be  later  than  the  beds  they  cut.  For  this  reason  the  igneous 
rocks  of  the  region  have  been  divided  into  pre-Cretaceous  and  post- 
Cretaceous.    Each  of  these  main  subdivisions  contains  rocks  of  differ- 
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ent  mineralogie  composition  and  field  relations  and  was  fonned  under 
different  conditions;  both  show  intrusive  and  effusive  rocks  and 
afford  much  material  for  detailed  petrographic  studies,  which,  how- 
ever, have  not  been  attempted  in  the  preparation  of  this  report. 

The  larger  areas  of  pre-Cretaceous  igneous  rocks  are  the  flanks  of 
the  Kaiyuh  Hills,  the  Buckland-Kiwalik  divide,  the  Bendeleben  and 
Darby  ranges,  the  region  around  Bluff,  and  numerous  small  areas 
in  the  metamorphic  complex.  The  larger  areas  of  post-Cretaceous 
igneous  rocks  in  the  Yukon  Valley  are  at  the  mouth  of  the  Koyukuk 
and  south  of  Kaltag;  in  Seward  Peninsula  they  are  in  the  Koyuk 
River  Basin,  especially  in  the  central  portion,  extending  to  the  head  of 
Kiwalik  River;  at  the  very  head  of  the  Koyuk,  extending  to  Noxa- 
paga  River;  and  at  the  lower  part  of  East  Fork,  extending  into  the 
Buckland  River  basin. 

PUS-CRETACBOUS  lONEOUS  ROCKS. 

In  the  long  time  represented  by  the  pre-Cretaceoui^  history  of  the 
region  there  are  two  distinctly  marked  periods  of  much  geological 
significance.  One  of  these  preceded  the  dynamic  metamorphism  of 
the  region  and  the  other  followed  it  Rocks  formed  in  the  earlier 
period  show  structures  due  to  this  deformation,  whereas  those  formed 
afterwards  have  not  been  much  metamorphosed.  A  division  of  the 
pre-Cretaceous  igneous  rocks  into  two  groups,  metamorphic  and  non- 
metamorphic,  may  be  made,  and  this  grouping  will  be  followed  in 
this  report. 

XETAXORPRIO  lOHEOVB  BOOKS. 

Rocks  of  igneous  origin  earlier  than  the  period  of  metamorphism 
have  been  recognized  in  many  parts  of  the  region.  The  four  larger 
areas  mapped  are  in  the  Kaiyuh  Hills,  east  of  the  Darby  Range,  in 
the  belt  extending  northward  from  Bluff  in  the  western  part  of  the 
area,  and  north  of  Omilak  Creek.  All  of  these  areas  have  features 
more  or  less  in  common,  but  it  is  by  no  means  certain  that  all  of  them 
have  been  formed  at  the  same  time  or  are  mineralogically  identical. 
Furthermore,  there  is  but  little  doubt  that  other  metamorphic  igne- 
ous rocks  might  be  recognized  if  investigations  had  been  carried  on 
in  greater  detail,  and  doubtless  some  of  the  area  mapped  as  undiffer- 
entiated metamorphic  rocks  is  formed  of  igneous  rocks. 

Reference  has  already  been  made  on  page  40  to  the  belts  of  meta- 
morphic igneous  rocks  occurring  on  both  flanks  of  the  Kaiyuh  Hills. 
These  were  described  by  Maddren  as  consisting  of  diabasic  rocks  of 
probably  effusive  character.  They  are  less  metamorphosed  than  the 
older  secKmentary  rocks  which  form  the  Kaiyuh  Hills  on  which  these 
ancient  lavas  probably  lie  unconformably. 


fBtoue,   and   slalcB.  east   cooBt    Dtirb;   Penlniali. 
c,  grc«DBta[ie:  d,  black  BlBtes;  e,  talua. 

the  Kuiuktulik  and  Walla  Walla,  light  and  dark  banded  Paleozoic 
limestones  have  an  unusually  low  dip.  These  have  been  intfirsected 
by  nearly  vertical  cleavage,  and  parallel  to  this  cleavage  the  green- 
stones have  been  intruded.  The  large  white  masses  shown  in  the 
picture  are  calcite  veins  of  later  formation,  probably  cont^nporaneous 
with  the  succeeding  period  of  mountain  building. 

The  structural  relations  of  the  greenstones  are  in  places  complex 
and  sliow  that  these  rocks  have  been  subjected  to  considerable  dis- 
turbance. Figure  4  illustrates  an  exposure  of  slates,  limestones,  and 
greenstones  on  the  eastern  coast  of  the  Darby  Peninsula  about  mid- 
way between  the  mouth  of  the  Miniatulik  and  the  Kuiuktulik.  The 
greenstone  intruded  slates  and  limestones  and  has  subsequently  been 
folded  into  a  number  of  appressed  folds.  Thrust  faulting  then  took 
place  along  the  plane  indicated  so  that  the  south-dipping  limestone 
was  superposed  on  the  greenstone  and  the  slates  giving  a  section  as 
indicated  in  the  figure.  The  axis  of  folding  at  this  place  is  about 
N.  70°  E.  and  the  folds  pitch  toward  the  west. 
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In  many  places  the  deformation  and  accompanying  metamorphism 
of  the  greenstones  has  gone  so  far  that  the  original  characters  of  the 
rocks  are  obliterated  and  it  is  not  certain  what  origin  is  to  be  as- 
signed. Brooks,  in  a  study  of  the  Bluff  region,  found  schistose  rocks 
which  seemed  to  show  by  their  arenl  relations  igneous  rather  than 
sedimentary  characters.     Concerning  these  schists  he  says:" 

Mica  schlats  ocmir  as  Irregnlar  masHee  within  the  IfmeBtone  belts  and 
nithougb  they  do  not  differ  lltholoBlcally  la  any  very  essential  way  from  the 
schlate  believed  to  be  of  Bedlmentary  origin,  their  mode  of  occurrence  strongly 
tinggests  that  tbey  are  altered  Intrusions.  The  most  striking  example  of  this 
Is  seen  In  the  cliff  eipos'ires  Just  east  of  the  raoutb  of  Daniels  Creek  (flg.  5). 
Here  an  Irregular  ma^s  of  mica  schist  is  Inclosed  In  limestone  walls.  Lines  of 
faulting  have  ol>scured  the  original  relations  of  the  two  rocbs.  but  tbe  outline 
of  the  scblst  mass  Is  very  suggestive  of  nn  Intrusion.  Further  evidence  of  the 
Intrnaive  character  of  some  of  these  schists  Is  found  in  tbe  fact  that  at  various 
localities  the  limestone  walls  near  tbe  contact  with  the  schists  are  more  or 
less  metamorphosed.  These  facts,  together  with  tbe  irregular  distribution  of 
tbe  sclilsts.  Indicate  an  Igneous  origin,  though  It  must  be  confessed  that  the 
evidence  Is  by  no  means  conclusive. 


Fio[TKi  e.—CilCt  eipoHures  near  moulb  ot  Daniels  Creek,  Bluff  reeioo. 

At  several  places  the  actual  gradation  from  an  unquestionably 
igneous  rock  into  a  green  feldspathic  schist  has  been  observed. 
Here  and  there  in  the  hills  south  of  camp  C15  are  examples  of  this 
sort,  and  although  it  is  not  intended  to  assert  that  all  the  feldspathic 
schists  are  of  this  origin,  it  is  certain  that  many  if  not  most  of  them 
ore  formed  in  this  way. 

An  exposure  of  metamorphosed  igneous  rock  is  afforded  near  the 
Omilak  mine.  Figure  6  shows  the  general  geology  in  the  neighbor- 
hood of  the  mine,  with  the  intrusive  cutting  across  the  western  limb 
of  the  limestone.  Plate  IX,  A  {p.  50),  supplements  this  map  by 
showing  the  general  appearance  of  the  same  hill  from  the  south.  In 
this  view  the  dark  area  in  the  center  of  the  view  is  the  igneous  rock, 
and  an  apophysis  is  represented  by  the  dark  band  which  cuts  acro.ss 
the  right-hand  limestone  area.     From  a  study  of  this  rock  under  the 


FiQUBH  6. — Sketch  mip  of  the  vicinity  of  the  Omllek  mine. 

as  the  igneous  rocks  in  the  larger  areas  they  will  not  be  described 
separately. 

Mendenhall,  who  studied  portions  of  the  Darby  Range  in  some 
detail,  says:" 

Cfipe  Darbjr  and  a  broad  belt  of  roiiDtry  extending  VtH  miles  northward  troa 
it  with  a  maximum  width  of  about  12  miles  Is  occupied  by  a  givat  IntruslTe 
body  of  granite  and  grasitlzed  rock  which  exhibits  consideratile  variation  in 
texture  and  mlneralogicai  composition,  but  Is  regarded  ae  belonging  to  one 
geological  body. 

.A  few  miles  below  Cheenik,  along  the  eastern  shore  of  Golofaia  Bay,  the  rocli 
is  diorite  porphyry  with  large  tabular  phenocrysts  of  itndesine  or  andeslne- 
ollgoclase.  some  colorless  pyroxene,  and  abundant  hornblende  In  part  at  least 
secondary.    Quartz  Is  present  but  often  in  very  inconsiderable  amounts,  and 

•  H«ndeDbali,  W.  C,  op,  cit.,  p.  204. 
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tltanite  is  an  inconspicuous  accessory.  This  phase  or  a  slightly  more  acid  one 
is  rather  largely  represented  in  this  portion  of  the  mass  extending  at  least 
5  to  6  miles  east  from  its  western  border. 

Near  the  eastern  edge  of  the  northern  part  of  the  area  in  the  Tubutulilc 
Valley  the  rock  appears  as  a  coarsely  crystalline  aggregate  of  pale  brownish 
orthrkclase  and  smoky  quartz  with  a  little  biotite.  A  gneissoid  pliase  of  the 
same  rock  occurs  along  the  western  side  of  its  western  limit. 

Distinct  contact  phenomena  in  the  schists  and  slates  while  sometimes  present 
are  not  so  abundant  as  one  would  expect.    The  inference  is  that  the  intrusion 
was  slow  and  deep-seated  and  affected  the  intruded  rock  generally,  rather  than 
locally.     This  inference  finds  support  in  the  coarse  texture  and  porphyritic  ' 
character  of  the  diorite  even  at  its  borders. 

In  1909  it  was  the  intention  of  the  party  to  avoid  revisiting  the 
areas  already  studied  by  Mendenhall,  so  that  in  but  few  instances 
does  the  work  overlap.  From  this  later  study  it  was  found  that  the 
areal  distribution  as  already  given  by  Mendenhall  required  but  slight 
modification,  but  that  the  number  of  different  kinds  of  rock  was  more 
complex  than  his  report  indicated.  There  are  at  least  two  distinct 
types  of  granite,  one  with  marked  porphyritic  development  and  the 
other  of  even  grain. 

The  largest  area  of  the  porphyritic  granite  is  in  the  Kwiniuk  basin 
extending  from  a  little  east  of  camp  C14  to  at  least  4  miles  north  of 
camp  C15.  In  addition,  the  same  rock  was  found  on  the  seacoast  at 
the  mouth  of  Carson  Creek  and  is  probably  the  same  as  the  granite 
with  brownish  feldspar  described  in  the  northern  end  of  the  belt. 
This  rock  is  characterized  by  a  coarse-grained  mass  of  quartz,  ortho- 
clase,  and  a  little  biotite,  the  various  grains  averaging  about  0.2 
inch  in  diameter,  with  large  orthoclase  crystals  averaging  about  IJ 
inches  in  length  scattered  abundantly  through  the  rock.  A  few  in- 
clusions of  diorite  were  found  in  the  porphyritic  granite,  one  of 
which  showed  calcite-fiUed  cavities,  probably  amygdaloidal  in  origin. 
Typically  the  porphyritic  granite  weathers  into  fantastic  knobs  and 
pinnacles  similar  to  those  shown  in  Plate  XI,  B  (p.  58).  This 
feature  is  also  shown  more  extensively  developed  in  Plate  III,  A 
(p.  30),  the  pinnacles  shown  being  probably  of  granite  of  this  type. 

The  even-grained  granite  may  be  of  the  same  age  as  the  porphy- 
ritic granite.  If  this  is  the  case  the  two  may  have  consolidated  under 
different  conditions.  It  does  not  seem  evident  from  the  field  rela- 
tions, however,  that  the  porphyritic  rock  cooled  under  essentially 
different  conditions  except  that  the  porphyritic  granite  forms  larger 
masses  than  the  finer-grained  type.  Mineralogically  the  even-tex- 
tured granite  consists  of  quartz,  both  orthoclase  and  plagioclase  feld- 
spar and  biotite.  Dark-colored  silicates,  although  present,  form  but 
a  relatively  small  amount  of  the  rock.  It  occurs  usually  in  rather 
narrow  dikes,  and  no  large  area  of  this  type  is  known  in  the  Darby 
Range.    Dikes  of  this  granite  have  already  been  noted  in  previour> 

7i469'— Bull.  449—11 6 
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pages  as  cutting  the  Paleozoic  rocks  at  many  places.     Pla^e  VIII,  B 
(p.  40),  shows  a  nearly  vertical  granite  dike,  the  light-colored  rock, 
(on  which  the  hanuner  rests)  cutting  across  the  structure  of  the  meta- 
inorphic  limestone  and  sending  apophyses  into  it. 

Diorite  also  occupies  large  areas  in  the  Darby  Range.  In  compo- 
sition it  ranges  from  a  normal  amphibole  plagioclase  rock  to  one  con- 
taining quartz  and  orthoclase  in  addition  to  the  usual  constituents- 
The  plagioclase  is  apparently  andesine-oligoclase;  that  Ls,  about  mid- 
way in  the  soda-lime  series.  Acct'ssory  apatite,  titanite,  muscovite^ 
and  metallic  minerals  in*  small  amounts  were  noted  in  several  ex- 
amples of  this  rock  studied  microscopically. 

From  the  fact  that  inclusions  of  diorite  are  found  in  the  porphy- 
ritic  granite,  it  is  assumed  that  the  latter  is  younger  than  some  of  the 
diorite.  Plate  XII,  .1,  however,  shows  that  there  is  more  than  one 
diorite  repn^sented  in  the  region.  In  this  view  the  large  light- 
colored  area  on  which  the  hammer  rests  is  porphyritic  granite  with 
numerous  inclusions  of  diorite.  Unfortunately  in  this  picture  the 
further  fact  that  the  porphyritic  granite  itself  is  an  inclusion  in 
the  dark  igneous  rock  which  forms  the  lower  left-hand  portion 
of  the  view  is  not  shown,  although  this  fact  is  clearly  proved  by  the 
exposure  in  the  field.  It  should  further  be  noted  that  in  this  later 
diorite  intrusion  are  inclusions  of  the  older  diorite.  Although  the 
similar  color  makes  the  two  diorites  difficult  to  distinguish  in  this 
view,  several  of  the  older  diorite  inclusions  may  be  recognized  at 
the  extreme  left  V)el()w  the  j)orphyri(ic  irianite-diorite  contact. 

In  addition  to  the  <rnniites  and  diorites  there  are  several  other 
tyj)es  of  rock^,  the  distribution  and  relations  of  which  are  not  suflfi- 
cientlv  clear  to  allow  their  ditl'erentiation.  One  of  these  rocks  is  a 
quartz  porphyry  with  douhh*  terminated  (juartz  crystals  and  plagio- 
clase as  phenocrysts  in  a  <rronn(l  mass  of  (juartz  and  orthoclase  in  a 
micropepiiatitic  inter<rr()wth.  Accessory  <rrwn  hornblende,  apatite, 
and  magnetite  with  sc'condarv  kaolin,  iniiscovite  and  chlorite  Avere 
also  present.  This  type  of  rock  was  found  particularly  in  the  hills 
south  of  camp  C1-)  in  the  divide*  l)etween  the  Kwiniuk  and  the 
Etchepuk. 

Another  imusual  type  of  rock  forms  a  large  area  in  the  Kwiniuk 
divide  south  of  camp  Clo,  extending  westward  an  undetermined 
distance  and  soiilliward  to  Ix^yond  camp  (M4.  It  is  dark  colored,  with 
lath-shaj)e(l  jihenocrysts  an  inch  or  more  in  length  of  orthoclase  feld- 
spar. The  gioundmass  is  composed  of  orthoclase,  albite.  oligoclase, 
green  hornbhMide,  icgirine  angite,  and  biotite,  with  accessory  titanite 
in  great  abundan(v,  and  some  apatite.  Usually  the  pyroxene  forms 
cores  around  which  amphibole  has  been  developed,  probably  by  the 
alteration  o'l  the  j)vrox(Mie.  Flic  absence  of  (juartz  and  the  high  soda 
content  distinguish  this  rock  from  the  others  already  described. 
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Another  unusual  type  of  igneous  rocks  was  found  on  the  hill  about 
three-fourths  of  a  mile  north  of  camp  C22  on  a  branch  of  Kachauik 
Creek.  It  is  rather  closely  associated  with  rocks  of  the  fine-grained 
granite  type,  but  the  precise  relations  are  not  known.  It  is  a  light- 
colored  fine-grained  rock  with  a  few  scattered  phenocrysts  of  nephe- 
line  and  sanidine.  In  the  ground  mass,  which  is  very  fine-grained, 
are  albite,  nepheline,  sanidine,  rogirine  augite,  fluorite,  eudialyte, 
riebekite,  and  biotite.  The  high  soda  content  suggests  correlation 
with  the  other  soda-rich  rock  previously  described,  which  was  also 
wanting  in  quartz. 

Rocks  similar  to  the  Darby  range  intrusives,  with  the  exception 
of  the  last  three  phases,  have  beeti  found  in  the  pebbles  of  the  Cre- 
taceous conglomerate,  and  no  hesitation  is  felt  in  ascribing  them  to 
an  age  prior  to  the  Cretaceous.  It  is  also  evident  from  the  studies 
in  the  field  that  all  of  these  rocks  cut  the  Paleozoic  series  and  have 
not  been  dynamically  metamorphosed  to  any  marked  extent.  That 
there  have  been  several  periods  of  intrusive  activity  is  shown  by  the 
relations  of  the  diorites  and  porphyritic  granites  described  on  page 
66.  Whether,  however,  these  periods  were  separated  by  any  con- 
siderable time  interval  or  whether  they  really  mark  only  one  major 
period  of  intrusive  activity  has  not  been  determined. 

Few  new  facts  of  importance  have  been  added  to  those  already  pub- 
lished by  Moffit  concerning  the  igneous  rocks  of  the  Kiwalik-Buckland 
divide.     According  to  this  geologist « — 

Much  the  larger  part  of  the  undissected  mass  which  forms  the  divide  between 
the  drainages  of  the  KiwaUls  and  the  Bucklund  Rivers,  and  contains  the  highest 
elevations  of  the  northeastern  part  of  the  peninsula,  Is  made  up  of  light-colored 
granular  rocks  and  andesites  associated  esi)ecial]y  toward  the  outer  portions 
of  the  area  with  basalts  and  diabases. 

In  crossing  the  main  part  of  the  mass  from  the  westward  after  leaving  the 
highly  metamorphlc  rocks  of  the  Kiw^allk  Valley  one  meets  first  with  basic 
rocks  of  tfte  basaltic  and  dlabaslc  tyi)e,  followed  by  andesites  which  are  well 
developed  and  form  a  large  part  of  the  ridge;  finally,  in  the  central  iwrtlou  of 
the  complex,  and  forming  a  core  for  the  whole,  are  discontinuous  areas  of  more 
siliceous  rocks,  including  a  number  of  diflferent  varieties  of  granites,  monzonltes, 
and  quartz  diorites.*  Hornblende  is  the  prevailing  dark  mineral  of  the  granites, 
but  at  times  blotlte  takes  its  place.  By  a  decrease  in  the  amount  of  quartz 
the  granites  approach  syenites  in  comiwsltion,  such  phases  bolug  characterized 
by  the  abundance  and  larger  size  of  orthoclase  crystals,  which  usually  show 
Carlsbad  twinning  and  have  a  rough  parallel  arrangement  with  the  small  inter- 
vening siMiees  filled  with  hornblende,  biotite,  and  a  small  amount  of  quartz. 
Titanite  is  abundant. 

An  unusual  and  highly  interesting  type  was  observed  in  the  most  southerly 
orea  of  the  granular  rocks.  The  hand  si)eclmeiis  show  a  dark-gray  rock,  com- 
posed of  abundant  large  tabular  feldspar  crystals  with  a  small  amount  of  dark- 


*  Moffit,   F.   H.,  The  Palrhaven  gold  placera,   Seward  reninsula,   Alaska:  Bull.   U.   8. 
Geo!.  Survey  No.  247,  1905,  pp.  27-31. 


(.'ontalning  considerable  olivine  in  nddlllon  to  pfroxcne  and  showing  the  eec- 
undary  mineral   IddiiifEalle.    Altcrntlon  of  iiyroxene  to  hornblende  was   also 
observeil.    The  frldHfiar  Is  ii  biiBic  variety,  liibradorlte  or  sometimes  anorthlte, 
Kiviiig  as  aitt-riLtlon  iiroduotB  chlorite  and  e|>ldote. 
Andeslte  brecclus  wcic  found  iit  various  localities. 

Little  can  be  added  from  the  work  of  1309  to  these  descriptions 
uiul,  although  it  has  been  possible  in  a  measure  to  extend  .the  map- 
ping of  these  rocks,  the  additional  data  are  .so  clearly  evident  on 
llic  map  that  further  desx;ription  is  not  required,  except  to  note 
that  the  extension  soutli  of  the  Koyuk  is  formed  mftinly  of  rocks  of 
the  effusive  rather  than  of  the  intrusive  type.  It  should  also  be 
pointed  out  that  whereas  the  intrusive  rocks,  which  form  the  core 
of  the  Kiwalik-Buckland  divide,  are  in  all  respects  similar  to  the 
igneous  rocks  in  the  Darby  Range,  the  effusive  rocks  which  occur 
along  the  flanks  have  no  recognized  representative  in  the  latter 
mountains. 

The  igneous  rocks  of  the  Bemleleben  Mountains  so  far  studied 
belong  mainly  to  the  group  of  granites,  and,  although  here  and  there 
these  rocks  show  gneissic  phases,  it  is  believed  that,  as  a  group,  they 
are  essentially  contemporaneous  and  are  later  than  the  post-Paleozoic 
deformation.    Lithologically  the  granites  are  indistinguishable  from 
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the  granites  of  the  Darby  or  Buckland-Kiwalik  ranges,  and  it  is  as- 
sumed that  such  close  similarity  could  not  have  occurred  unless  all 
these  rocks  had  been  derived  from  essentially  the  same  magma  at 
nearly  the  same  time.  It  is  on  the  basis  of  this  assumption  that  the 
pre-Cretaceous  age  of  the  granite  masses  in  the  Bendeleben  Moun- 
tains is  postulated. 

In  the  Bendeleben  Mountains  the  geologic  mapping  is  extremely 
conventionalized  and  the  reader  should  regard  this  part  of  the  map 
as  suggesting  the  kind  of  geology  probably  to  be  expected  rather, 
than  as  a  faithful  portrayal  of  the  actual  areal  distribution  of  the 
different  types  of  rock.  As  mapped,  however,  this  area  serves  to 
bring  out  the  fact  that  there  are  numerous  large  bodies  of  igneous 
rock,  in  places  many  miles  in  diameter,  and  also  that  there  is  a 
most  complex  network  of  small  dikes  and  sills,  many  of  which  are 
from  a  few  inches  to  a  few  feet  wide.  The  lithology  and  mineralogy 
of  the  two  types,  however,  do  not  materially  differ.  Some  of  the 
small  sills  and  dikes  have  as  coarse  texture  as  the  more  central  parts 
of  the  larger  masses.  Both  modes  of  occurrence  are  typically  quartz- 
feldspar  granites  with  some  dark  silicates  and  various  accessory 
minerals.  Even  in  the  gneissic  phases,  Collier "  states  the  structure 
must  either  be  original  or  else  the  whole  rock  has  recrystallized,  for  the 
microscopic  examination  shows  little,  if  any,  evidence  of  distortion  or 
dynamic  moA'ement.  In  other  places  it  is  evident  that  the  apparent 
gnei&sic  structure  is  due  to  the  replacement  of  adjacent  schists,  some 
of  which  are  so  thoroughly  saturated  by  the  igneous  rock  that  much  of 
the  original  character  has  been  destroyed. 

The  contacts  between  the  granites  and  the  schists,  however,  are 
not  always  vague  and  ill  defined,  but  in  places  are  sharp  and  clear- 
cut.  These  differences  are  probably  to  be  explained  by  the  varia- 
tions in  composition  of  the  wall  rocks  and  also  by  the  different  depths 
of  burial  of  the  schists  when  the  intrusions  took  place. 

Associated  with  the  normal  granites  are  a  few  rocks  of  pegmatitic 
and  aplitic  phases  which  seem  to  have  marked  the  later  or  closing 
stages  of  the  intrusive  period.  In  the  pegmatities  tourmaline  is  in 
places  an  important  accessory  mineral.  One  such  pegmatite  in  par- 
ticular was  noted  on  Birch  Creek  near  the  pass  to  the  head  of  Niukluk 
River.  Mica  in  plates  sometimes  6  inches  or  more  in  diameter  is 
found  in  the  pegmatites.  A  locality  where  particularly  large  mica 
plates  have  been  reported  is  near  Oregon  Creek,  a  tributary  of  Fish 
River  heading  on  the  south  slopes  of  the  Bendeleben  Mountains,  and 
some  attempts  have  been  made  to  develop  a  commercial  deposit. 

At  a  few  places  dark  basic  dikes  have  been  reported  cutting  the 
granites.    Whether  these  belong  to  the  pre-Cretaceous  igneous  rocks 

'Collier,  A.  J.,  and  otherB,  The  )?old  placers  of  parts  of  Seward  Peninsula,  Alaska: 
Bull.  U.  8.  Oeol.  Survey  No.  328,  1908,  p.  104. 
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similar  to  the  latest  dioritic  intnision  noted  in  the  Darby  range  or 
whether  they  are  post-Cretaceous  is  not  known.  They  form  rela- 
tively narrow  dikes  and  occupy  such  small  areas  in  the  Bendeleben 
Mountains  and  so  little  is  known  about  them  that  they  will  not  be 
treated  further  in  this  report. 

POST-CRETACEOUS   IGNEOUS   ROCKS. 

Later  than  the  deposition  of  Cretaceous  sediments,  intrusive  and 

•extrusive  igneous  rocks  have  been  formed.     As  has  already  been 

noted,  the  main  areas  of  the  latter  are  in  the  Yukon  and  Koyuk  basins 

and  the  only  area  of  the  intrusive  rocks  studied  is  in  the  lower  part 

of  the  Ungalik  Valley. 

INTRXrsrVE  ROCKS. 

Christmas  Mountain,  east  of  the  lower  part  of  Ungalik  River,  is 
the  only  center  of  post-Cretaceous  intrusion  noted.  This  prominent 
landmark  is  formed  of  an  igneous  complex,  the  relations  of  the  vari- 
ous members  being  uncertain.  The  series  of  rocks  grade  according 
to  texture  from  augite  andesite  to  augite  diorite.  The  main  mass  of 
the  mountain  is  of  the  more  granular  type,  in  the  coarsest  phases  hav- 
ing crystals  up  to  3  millimeters  in  diameter.  This  coarse  phase  con- 
tains abundant  plagioclase,  which  has  been  determined  to  be  albite, 
andesine,  and  labradorite.  Augite,  biotite,  and  olivine  are  also 
present  as  important  constituents.  Among  the  accessory  minerals 
are  magnetite  and  apatite,  the  latter  lx»ing  notably  pleochroic. 
Secondary  hiotite,  chlorite,  serieite,  and  serpentine  have  also  been 
recognized  in  this  section. 

Associated  with  the  diorites  in  the  western  part  of  the  area,  prob- 
ably in  the  form  of  a  dike,  is  a  porphyritic  rock  composed  of  ortho- 
clase,  plagioclase,  biotite,  and  augite  as  the  essential  constituents,  and 
with  |)vrite  and  calcite  as  accessory  or  secondary  minerals.  The 
phenocrvsts  in  this  rock  are  mainly  feldspar,  but  a  few  are  of  light- 
green  pyroxene. 

The  clearest  evidence  concerning  the  age  of  these  rocks  is  afforded 
by  exposures  along  the  Ungalik,  near  camp  AlG,  where  dikes  of 
essentially  similar  coni])ositi()n  are  found  cutting  the  Ungalik  con- 
glomerate. Subsecjiicnt  faulting  has  dislocated  the  dikes,  but  the 
amount  of  displacement  indicated  is  not  more  than  a  few  yards. 
Thin  sections  of  specimens  from  these  dikes  show  a  light-colored 
porphyritic  rock  with  j)henocrysts  of  oligoclase  and  a  monoclinic 
amphibole.  Tn  the  main  the  ground  mass  has  a  trachytic  texture  and 
is  composed  largely  of  oligoclase  and  albite,  with  accessory  apatite. 
Calcite,  quartz,  magnetite,  kaolin,  muscovite,  and  liuKmite,  all  prob- 
ablv  secondarv.  were  recognized.  The  limonite  is  in  more  or  less 
rectangular  patches,  which  points  to  its  having  been  derived  from 
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the  alteration  of  ferromagnesian  minerals  originalh'^  in  this  rock.  At 
Bonanza  Creek  an  intrusion  of  similar  character  cutting  the  black 
slat^  was  found. 

On  the  Shaktolik,  at  camp  A12,  a  fine-grained  quartz  porphyry 
was  recognized  in  the  float,  but  the  fragments  were  well  rounded,  as 
though  they  had  been  carried  far,  and  there  is  no  clue  as  to  where  the 
rock  outcrops.  The  presence  of  this  float,  however,  strongly  points 
to  the  conclusion  that  it  is  from  an  intrusive  later  than  the  Cretaceous 
sediments.  It  is  probable  that  a  more  extensive  exploration  of  this 
region  would  show  intrusive  centers  like  that  of  Christmas  Mountain 
in  other  parts  of  the  Nulato-Norton  Bay  region. 

EFFUSIVE  ROOKS. 

Effusive  rocks  of  late  geologic  age  are  found  at  many  places.  All 
of  the  e  flows  are  probably  not  contemporaneous,  but  when  they  are 
considered  in  a  broad  w^ay  it  is  believed  that  they  mark  essentially 
one  period  of  volcanism.  Thus,  though  many  years  may  have  elapsed 
between  successive  flows,  even  in  the  same  district,  there  seems  to  be 
strong  reason  for  con'elating  them  together  as  one  group  and  regard- 
ing them  all  in  a  geologic  sense  as  synchronous.  Although  the  rocks 
described  in  this  section  are  essentially  lavas  or  surface  flows,  there 
are,  of  course,  here  and  there  dikes  by  which  these  rocks  were  brought 
to  the  surface.  All  of  these  rocks  are  characteristically  olivine 
basalts  with  a  vesicular  structure. 

The  eastern  locality  of  the  post-Cretaceous  effusives,  the  one  near 
the  mouth  of  the  Koyukuk,  was  first  carefully  described  by  Spurr,*» 
from  whose  account  the  following  quotation  is  taken : 

MegascopicaUy  (the  rock)  Is  dark  green  and  amygdaloldal,  the  amygdules 
being  partb'  qunrtz  and  calcite.  rnder  the  niloroscoiie  a  large  vesicle  whose 
walls  nre  lined  with  seri)entine  is  filled  with  barite  in  interlocking'  plates. 
Many  small  ovoidal  vesicles  are  lined  with  serijentine  and  filled  with  chlorite. 
These  are  comiiaratlvely  large  phenocrysts  which  are  now  pseudomorphed  by 
calcite  and  serpentine,  but  were  jirobably  originally  olivine.  .  The  structure  of 
the  groundmass  is  as  if  originally  composed  of  holocrystalllne  plagioclase  and 
anglte.  The  augite  is  abundant  and  not  greatly  decomposed  but  the  plagioclase 
crystals  have  been  replaced  by  [tseudomorphs  of  some  other  mineral  in  part,  at 
Ipast,  isotropic.  The  rock  is  evidently  a  true  olivine  basalt  considerably  altered 
and  decomposed. 

Although  the  lavas  represented  in  the  Yukon  Valley  to  the  south  of 
this  place  have  not  been  described  in  detail  they  probably  belong  to 
the  same  period  of  volcanic  activity.  Similar  lavas  have  been  re- 
ported by  Collier  along  the  river  south  of  Kaltag,  but  their  extent 
has  not  been  determined  and  there  are  no  published  descriptions  of 

*  Sparr,  J.  E.,  Geology  of  the  Yukon  gold  district,  Alaska :  Eighteenth  Ann.  Rept.  U.  S. 
G«ol.  Survey,  pt.  3.  1898,  pp.  245-246. 
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ObseryatloiiB  made  by  Collier  on  Noxapaga  Klver  Bbowed  tbese  more  recent 
lavas  overlying  gravels  which  are  cemented  near  the  contact  by  Indurated  clays 
and  contain  i)ebble8  ot  an  older  flow — conclusive  evidence  that  considerable 
time  must  havv^  elapsed  between  the  first  ou^brefik  and  the  solidification  of  the 
flows  Just  described.  The  source  from  which  the  recent  basalts  of  Noxapaga 
and  Kuzitrin  rivers  were  di^harged  lies  to  the  southwest  of  Lake  Imuruk,  this 
being  shown  by  the  scattered  lava  cones  as  well  as  by  the  direction  of  movement 
of  the  flows  themselves. 

On  the  upper  part  of  Koyuk  River  a  similar  relation  of  basalts  and  gravels 
was  observed  by  Mendenhall.  He  found  on  the  truncated  edges  of  the  schist 
5  feet  of  gravel  made  up  of  schist,  vein  quartz,  and  granite;  this  in  turn  was 
covered  by  an  undisturbed  horizontal  sheet  of  olivine  basalt,  which  has  been 
but  little  affected  by  the  erosive  action  of  the  stream  since  it  came  to  rest  and» 
was,  therefore,  believed  by  him  to  be  of  Pleistocene  aga 

During  the  field  season  of  1909  little  detailed  study  of  the  lavas 
was  made,  and  although  the  areal  distribution  of  this  group  of  rocks 
has  been  extended  in  certain  places  the  additions  are  mainly  concern- 
ing details  rather  than  essentials.  It  seems  evident  that  in  the  main 
they  occupy  the  lowlands  of  the  period  in  which  they  were  formed, 
so  that  a  thorough  understanding  of  the  distribution  of  the  lavas 
would  indicate  the  former  topography.  It  is  probable  that  more 
extensive  investigations  might  show  that  these  basalts  occupy  a 
greater  area  than  is  shown  on  the  maps.  For  instance,  the  lava  area 
at  the  head  of  the  Mukluktulik  probably  connected  at  one  time  with 
the  lava  areas  represented  to  the  north  of  the  Koyuk  west  of  Peace 
River,  and  if  the  exposures  were  better  in  the  gently  sloping  spurs 
west  of  Kenwood  Creek  it  is  highly  probable  that  remnants  of  this 
sheet  might  still  be  found  overlying  the  undifferentiated  schists  and 
the  Paleozoic  rocks.  This  patch  of  lava  is  probably  older  than  those 
very  late  effusives  that  overlie  gravel  deposits  of  recent  date,  but,  as 
before  stated,  it  is  believed  that  they  both  belong  to  the  same  general 
geologic  group  and  were  poured  out  on  the  deformed  and  eroded 
surface  of  the  Cretaceous  and  older  rocks. 

Another  small  area  of  recent  efi'usive  rocks  was  reported  by  Men- 
denhall in  the  hills  near  Grouse  Creek,  a  tributary  of  the  Tubutulik. 
It  covers  the  contact  of  the  granites  and  Paleozoic  sediments.  This 
fact  strongly  suggests  that  the  contact,  being  a  zone  of  weakness, 
had  been  topographically  a  lowland,  in  consequence  of  which  the 
lava  flowed  into  the  depression  and  being  thickest  there  liad  remained, 
whereas  the  thinner  parts  had  been  entirely  eroded  away.  There  is 
no  direct  evidence  as  to  the  direction  fi-om  which  this  lava  came,  but 
as  no  near-by  areas  of  similar  rocks  are  known  except  to  the  north 
it  is  assumed  that  this  is  the  direction  from  which  they  flowed, 
although  it  is  realized  that  this  is  little  more  than  a  working 
hypothesi& 

On  Bear  River  west  of  Council  a  small  area  of  recent  lava  has  been 
reported  and  specimens  of  the  rock  have  been  examined.    It  is  a 


these  veins  are  undoubtedly  younger  than  the  intrusion  of  the  green- 
stones, UK  they  rnt  them  or  oecupy  joint  planes  in  them,  and  it  is 
believed  that  most  of  tlie  veins  were  produced  either  during  or  subse- 
quent to  the  dofnnniitioii  of  the  Pnleiv.oic  rocks. 

Calcite  is  practically  the  only  mineral  found  in  the  calcite  veins- 
No  sulphides  or  other  metallic  minerals  have  been  noted  in  them,  and 
they  are  consi-qiiently,  in  this  region,  of  no  economic  importance. 

At  least  two  distinct  series  of  quartz  veins  have  been  recognized  in 
the  region;  in  one  the  veins  ai-e  much  contorted  and  f^eared,  in  the 
other  crystalline  quartz  with  characteristic  comb  structure  is  found. 
Tills  difference  in  structure  is  to  be  explained  by  the  diiference  in  age 
of  the  two  types.  It  seems  evident  that  to  have  been  crushed,  sheared, 
and  otherwise  defoinied  the  veins  must  have  been  in  existence  at  the 
time  of  the  post-Pale:»z<iic  deformation,  whereas  on  the  other  hand 
the  slightly  sheared,  relatively  undisturbed  character  of  the  other 
group  of  quartz  veins  points  to  the  fact  that  I  hey  were  formed  subse- 
quent to  that  period.  Although  these  two  main  groujjs  have  been 
recognized,  it  is  almost  certain  that  the  older  ones  include  veins 
of  at  least  two  different  ages,  one  earlier  than  the  Silurian  and  one 
later  than  the  Carboniferous,  but  this  point  has  not  been  definitely 
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Settled  and  will  be  difficult  to  prove  owing  to  the  great  amount  of 
post-Paleozoic  deformation. 

So  far  as  can  be  determined  the  content  of  both  classes  of  quartz 
veins  are  nearly  identical.  Sulphide  mineralization  is  usually  absent 
and,  although  a  few  copper  or  iron  stains  are  found  at  places,  the 
larger  part  is  formed  of  white  quartz  seldom  even  iron  stained. 
Both  classes  in  places  carry  small  quantities  of  gold.  This  has  been 
determined  mainly  by  chemical  means,  for  the  gold  is  in  the  native 
state  and  is  usually  in  too  small  particles  to  be  recognized  by  the  eye. 
Pieces  of  quartz  from  both  the  older  and  the  younger  quartz  veins, 
however,  have  been  seen  in  which  gold  was  visible.  Assays  from 
different  auriferous  quartz  veins  have  yielded  widely  varying  values, 
but  there  is  no  evident  difference  between  the  quantity  of  gold  car- 
ried in  the  two  groups.  Although  the  gold  content  of  the  older 
and  the  younger  veins  does  not  seem  to  be  materially  different,  the 
fact  that  the  older  ones  are  more  shattered  and  discontinuous  renders 
them  on  the  'whole  less  adaptable  to  economic  development  than  the 
younger  veins. 

Few  of  the  contorted  and  sheared  veins  are  more  than  a  few  inches 
in  width  and  are  usually  lens-shaped.  Here  and  there,  however,  much 
thicker  lenses  have  been  noted,  and  Mendenhall  calls  attention  «  to  a 
conspicuous  example  a  few  miles  north  of  Cheenik,  which  is  80  feet 
by  10  feet  by  15  feet.  It  is  described  as  compact  and  barren,  and 
exhibiting  a  brilliant  fracture.  Other  large  lenses  were  seen  in  the 
Darby  Range  and  in  the  Bendeleben  Mountains,  but  they  seem  to 
hold  no  promise  of  economically  valuable  mjnerals.  Mendenhall  also 
notes  a  vein  6  feet  wide  striking  north  and  south  in  the  sea  cliff  4  or  5 
miles  from  Rocky  Point,  but  in  this  vein  the  quartz  was  rusty,  as 
though  sulphides  were  originally  pi-CvSent  but  had  been  decomposed. 

The  younger  quartz  veins  are  less  sheared  and  shattered  than  the 
older  veins  already  described.  It  should  not  be  concluded,  however, 
from  this  statement  that  they  have  not  been  subjected  to  deformation, 
for  they  are  faulted  and  discontinuous.  Probably  like  the  older  veins 
they  may  belong  to  more  than  one  period  of  formation,  but  evidence 
concerning  this  point  is  not  conclusive.  The  terms  "  younger  "  and 
"  older  "  quartz  veins  are  therefore  to  be  regarded  as  purely  relative, 
though  in  a  broad  way  the  firmer  are  pre-Paleozoic,  whereas  the  latter 
are  post-Paleozoic.  Some  of  the  younger  quartz  veins  cut  the  pre- 
Cretaceous  granites  so  that  a  clue  to  their  age  is  afforded.  No  quartz 
veins  have  been  found  in  tlie  more  recent  olivine  basalts,  and  thus  the 
upper  limit  of  their  age  is  determined. 

Like  the  older  veins  the  more  recent  quartz  veins  are  usually  nar- 
row and  seldom  can  be  traced  for  long  distances.    They  are  particu- 

•  Mendenhall,  W.  C,  op.  dt,  p.  211. 
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larly  numerous  in  the  black  quartzites  and  slates  of  the  Paleozoic 
rocks  and  in  that  relation  form  an  intricate  network  of  veinlets,  many 
of  which  are  only  a  fraction  of  an  inch  in  width.  Sulphides,  although 
on  the  whole  relatively  unimportant  even  in  the  later  veins,  are  more 
abundant  than  in  the  older  group.  They  are  usually  iron  and  copper 
pyrite,  but  galena,  arsenopyrite,  and  stibnite  are  found.  The  latter 
minerals,  however,  where  found  in  considerable  quantities,  as  at 
Omilak  and  Bluff,  are  not  associated  with  quartz  veins  but  seem  to  fill 
fractures  in  the  countrv  rock. 

Considering  the  metamorphic  area  as  a  whole,  it  may  be  stated 
that  the  mineralization  is  widespread,  but  that  the  veins  are  seldom 
individually  continuous.  The  mineralization  is  more  in  the  form  of 
a  stockwork  or  mineralized  zone  than  in  sharply  defined  single  veins. 
Owing  to  this  disseminated  character  of  mineralization  the  localiza- 
tion  of  ore  bodies  is  not  pronounced,  and  it  is  believed  that,  if  com- 
mercially valuable  deposits  are  found,  they  will  be  more  or  less  simi- 
laf  to  the  Juneau  type  of  deposits. 

Further  consideration  of  the  veins  which  have  been  prospected  will 
be  given  in  a  later  part  of  this  report  dealing  with  the  economic 
geolog>'  of  the  region  (pp.  127-13(»). 

UNCONSOLIDATED  DEPOSITS. 

Unconsolidated  deposits  occur  throughout  the  Nulato-Council 
region  and  are  important  because  some  of  them  contain  economically 
valuable  minerals.  In  the  following  section  the  distribution  and 
general  characters  of  the  different  types  will  be  described,  the  eco- 
nomic features  being  left  for  se))arate  treatment  in  the  later  chapter 
on  the  economic  geology'  of  the  region.  For  this  reason  specific 
description  of  the  different  creek  gravels  will  be  omitted  here  and 
the  main  attention  will  be  directed  to  the  more  general  features  of 
these  deposits. 

Broadly  considered,  the  unconsolidated  deposits  may  be  divided 
into  two  classes;  in  one  class  the  material  is  practically  unsorted, 
whereas  in  the  other  the  material  has  been  transported,  mainly  by 
water,  and  deposited  at  some  distance  from  the  place  where  the  waste 
originated.  To  the  first  class  belong  the  talus  of  frost-riven  n:\aterial 
and  hillside  waste  covering  the  surface  of  most  of  the  upland  region; 
to  the  second  class  belong  the  gravels  of  various  origins  and  also, 
for  the  purposes  of  this  paper,  the  glacial  deposits.  There  are  grada- 
tional  phases  between  the  two  classes,  bnt  the  main  difference  on 
which  emphasis  is  placed  is  that  the  latter  are  in  the  main  water 
sorted,  whereas  the  former  are  not. 

UN80RTED  DEPOSITS. 

As  has  already  been  stated,  the  main  characteristic  of  this  group 
of  deposits  is  that  they  have  been  little,  if  at  all,  affected  by  running 
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water.  Some  sorting  has,  of  course,  been  effected  by  the  gravitative, 
downhill  creep  of  the  material,  but  this  is  relatively  unimportant. 
These  deposits  are,  therefore,  normally  made  up  of  angular  material 
derived  from  the  ledges  directly  up  the  slope  from  the  place  where 
they  are  formed,  or  they  are  the  frost-shattered  fragments  of  the 
country  rock  immediately  beneath  the  surface. 

Deposits  of  this  sort  are  particularly  characteristic  of  the  uplands, 
where  the  strong  temperature  changes  allow  rapid  disintegration  of 
the  underlying  rock.  Plate  XI,  B  (p.  58),  shows  a  typical  view  of 
this  sort  of  deposit  in  the  granite  area  north  of  the  Kwiniuk,  and 
might  be  duplicated  by  pictures  from  all  parts  of  the  field.  Of  course 
the  waste  is  not  always  as  coarse  as  is  shown  in  this  view,  for  the  size 
of  the  fragments  depends  upon  the  physical  features  of  the  rocks 
from  which  the  material  was  derived.  Therefore,  in  the  sandstone 
shale  regions  the  float  is  in  smaller  pieces  than  in  the  places  where 
the  bedrock  is  granite. 

When  the  disintegration  takes  place  on  a  hillside,  as  shown  in  thfe 
plate  (XI,  5),  instead  of  on  top  of  a  hill,  the  waste  as  it  is  formed 
spreads  down  the  slope  and  forms  a  mantle  of  rock  fragments  similar 
to  that  shown  on  the  hillsides  across  the  valley  in  Plate  III,  A  (p.  22) . 
The  foreground  of  this  view  shows  the  general  character  of  this 
waste  sheet  on  the  near  side  of  the  valley.  Waste  sheets  of  this  sort 
are  usually  coarser  and  thinner  toward  the  ridge  and  become  grad- 
ually finer  and  thicker  toward  the  valley  floor. 

The  deposits  of  unsorted  rock  waste  are  so  universal  that  if  they 
were  shown  on  the  geologic  map  they  would  obscure  all  the  other 
patterns;  hence  tliey  have  not  been  represented.  This  course  is  fur- 
ther justified  by  the  fact  that  they  have  no  economic  value  and  are 
therefore  unimportant  to  the  present  study.  If,  then,  the  reader 
desires  to  reproduce  the  surface  features  of  the  Nulato-Council  region 
precisely  it  would  be  necessary  to  imagine  practically  all  of  the  area 
not  occupied  by  gravels  as  covered  by  the  unsorted  deposits,  except 
here  and  there  where  bedrock  outcrops.  Such  ledges,  however,  prob- 
ably do  not  form  one  per  cent  of  the  entire  area. 

DEPOSITS  OF  TRANSPORTED  MATERIAL. 

The  deposits  of  transported  material  may  l)e  divided  into  marine 
deposits,  nonmarine  water-laid  deposits,  and  glacial  deposits.  Typ- 
ical examples  of  each  of  these  thr^e  classes  have  been  recognized 
in  the  field,  but  the  gradations  between  the  different  classes  and 
the  absence  of  detailed  investigations  prevent  the  separation  of 
the  three  groups  on  the  map.  The  marine  and  the  nonmarine 
water-laid  deposits  show  examples  of  deposits  formed  at  more  than 
one  time,  so  that  these  two  are  further  divisible  into  older  and 
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younger  gravels.  The  glacial  deposits  have  not  been  so  thoroughly 
studied  as  the  others  and  only  one  division  has  been  recognized.  It 
is  by  no  means  improbable  that  with  further  investigation  these  de- 
posits also  might  be  subdivided.  It  should  be  noted  that  the  terms 
"  older ''  and  "  younger  "  refer  to  the  relative  age  within  the  group 
and  that  it  by  no  means  follows  that  one  of  the  older  marine  deposits 
is  equivalent  in  time  of  formation  to  a  particular  example  of  an  older 
deposit  of  nonmarine  Water-laid  gravels.  Such  refined  correlations 
must  await  future  investigation.  Broadly  speaking,  however,  the 
group  of  older  marine  sediments  are  equivalent  in  age  to  the  group 
of  older  nonmarine  water-laid  deposits. 

XA&IHE  O&AVELB. 

Lithologically  the  younger  marine  gravels  present  great  diversity 
depending  in  large  measure  upon  the  material  of  which  the  shore 
line  is  composed.  The  topography  also  exercises  jf  considerable  in- 
fluence on  the  physical  characters,  for  in  the  bi^ts  between  head- 
lands the  materials  are  fine-grained,  whereas  near  the  promontories 
bowlders  and  coarse  gravels  predominate.  Near  the  mouths  of  the 
larger  streams  the  mixture  of  fluviatile  and  marine  deposits  is  so  com- 
plex that  it  is  impossible  to  separate  the  two.  On  the  present  shore 
line  from  the  mouth  of  the  Koyuk  to  Cheenik  the  marine  gravels 
present  a  great  diversity,  ranging  from  fine  muds  to  bowlders  10  feet 
or  more  in  diameter.  Here  and  there  sea  stacks  interrupt  the  con- 
tinuity of  the  gravels  so  that  the  floor  on  which  the  present  deposition 
is  taking  place  is  irregular.  In  the  sheltered  stretches  of  the  coast 
enormous  quantities  of  drift  wood,  probably  brought  down  by  the 
Yukon,  are  accumulating  and  are  being  buried  as  part  of  the  marine 
deposits.  Marine  shells,  except  near  the  mouth  of  the  larger  streams, 
are  not  abundant  in  the  deposits  being  formed  at  the  present  time. 
Garnet  and  magnetite  sand  so  common  along  the  beach  from  Topkok 
westward  is  almost  entirely  absent  in  the  eastern  part  of  the  coast  line. 

Marine  deposits  now  somewhat  elevated  above  the  position  in  which 
they  were  laid  down  and  consequently  belonging  to  the  class  of  older 
gravels  have  been  found  at  many  places.  These  deposits  are  perhaps 
bevSt  shown  by  the  coastal  plain  east  of  Norton  Bay  north  of  the 
Reindeer  Hills.  Few  sections  of  these  gravels  have  been  made,  so 
that  their  depth  and  character  are  not  well  known.  A  prospect  hole 
near  the  mouth  of  the  Ungalik  was  sunk  nearly  100  feet  without 
reaching  bed  rock.  The  fact,  however,  that  bed  rock  outcrops  at 
Island  Point  only  a  few  miles  away  shows  that  the  floor  on  which 
these  sediments  have  been  deposited  is  uneven. 

On  the  east  coast  of  Darby  Peninsula  old  sea  caves  20  to  30  feet 
above  present  sea  level  were  recognized  at  a  number  of  places  and  are 
shown  in  Plates  III,  B  (p.  22) ,  and  XIII,  B  (p.  66) ,  already  described. 
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Mendenhall  also  observed  evidence  of  former  higher  stands  of  the 
sea,  for  he  says,«  "  On  the  west  shore  of  Golofnin  Bay  raised  gravels 
were  observed  capping  the  schistose  bluffs  at  Rocky  Point.  From 
this  point  westward  evidence  of  uplift  is  increasingly  abundant  and 
consists  of  terraces,  hi^  gravels,  and  superposed  streams."  From 
this  evidence  it  follows  that  at  a  time  not  remote  geologically  the  sea 
stood  in  places  at  least  25  feet  above  its  present  position,  so  that  con- 
siderable areas  now  dry  land  were  formerly  covered  by  the  sea.  There- 
fore  marine  gravels  are  to  be  expected  inland  from  the  present  shore 
and  have  been  recognized  at  many  places.  Some  of  these  deposits 
have,  however,  been  subsequently  reworked  by  the  streams,  so  that 
their  marine  characters  have  been  obliterated.  There  is  but  little 
question  that  parts  of  the  gravel  depovsits  at  the  head  of  Golofnin 
Bay  and  in  the  bight  between  the  Miniatulik  and  Isaacs  Point  are  of 
marine  origin,  but  the  transition  between  the  evident  marine  material 
and  the  equally  evident  iluviatile  gravels  is  so  gradual  that  no  line 
of  separation  can  be  drawn  without  numerous  sections  not  now 
a^aUable. 

Xot  only  are  there  evidences  of  fonner  higher  levels  of  the  sea,  but 
at  Bluff  a  beach  line  is  developed  several  feet  below  the  present  sea 
level  so  that  at  an  earlier  time  the  marine  gravels  did  not  extend  in- 
land so  far  as  they  now  do.  This  emphasizes  the  point  that  the 
various  members  of  the  unconsolidated  marine  deposits  are  not  of  the 
same  age,  but  that  the  sea  level  has  oscillated  considerably  during  a 
long  period. 

RIVER  GRAVELS. 

Every  stream  in  the  region  is  forming  gravel  deposits  and  examples 
of  this  class  are  abundantly  represented.  Owing  to  the  scale  of  the 
map,  however,  only  the  larger  deposits  have  been  shown,  so  that  m 
reading  the  map  this  fact  should  be  constantly  borne  in  mind  and  it 
should  also  be  remembered  that  even  in  the  headwater  branches  of 
the  smallest  streams  water-transported  gravels  are  foimd.  As  has 
already  been  pointed  out  the  creek  gravels  may  be  divided  into  an 
older  and  a  younger  group.  These  two  may  so  grade  into  each  other 
that  no  sharp  line  of  demarcation  can  be  drawn.  In  this  report, 
however,  the  lower  bench  gravels  up  to  10  or  20  feet  above  the  stream 
are  considered  as  belonging  to  the  younger  group. 

The  lithologic  character  of  the  stream  gravels  depends  very  largely 
on  the  kind  of  rocks  exposed  in  the  valley  in  which  they  occur.  Thus 
in  the  case  of  a  small  stream  flowing  in  a  valley  carved  in  only  one 
kind  of  rock  the  pebbles  are  entirely  of  this  kind  of  rock,  whereas  in 
the  case  of  the  larger  streams,  such,  for  instance,  as  the  Yukon,  the 

9  ateudenhftll,  W.  C,  op.  clt.,  p.  210. 
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gravels  have  been  derived  from  a  great  variety  of  different  rocks 
outcropping  within  the  basin  and  show  a  great  diversity  of  lithdf^c 
character.  So  far  as  has  been  determined  ahnoet  all  of  the  younger 
stream  gravels  are  of  local  origin;  that  is,  haive  been  formed  in  the 
valleys  in  which  they  now  occur.  This  point,  however,  requires  con- 
siderable additional  study,  for  similarity  of  rock  types  and  the  large 
area  covered  are  likely  to  give  an  appearance  of  simplicity  not  justi- 
fied by  more  searching  examinaticm.  An  exception  to  this  rule  is 
afforded  by  the  gravels  of  Melsing  Creek,  where  granite  bowlders 
derived  from  the  Bendeleben  Mountains  are  intimately  aaaodated 
with  gravels  of  distinctly  local  origin. 

On  the  smaller  streams  the  thickness  of  the  gravel  is  only  a  few 
feet,  but  on  the  larger  streams,  especially  those  that  have  undergone 
a  complex  geologic  history,  the  gravels  may  be  more  than  100  feet 
thick.  These  deeper  gravels  undoubtedly  belong,  in  part,  to  the 
older  ones,  but  as  they  grade  directly  into  the  present  creek  gravels 
differentiation  can  not  be  made  here,  and  thqr  will  be  described  at 
this  place.  On  Mystery  Creek,  midway  between  its  junction  with  the 
Niukluk  and  the  point  where  it  leaves  the  hills,  a  shaft  penetrated 
gravels  to  a  depth  of  102  feet.  The  gravels  were  but  slightly  water- 
worn  and  contained  small  shells  in  a  perfect  state  of  preservation. 
Bearing  on  this  same  question  is  the  fact  that  in  1906  a  hole  was  sunk 
midway  between  Bear  and  Fox  Creeks  west  of  Council  in  a  bench 
deposit  about  50  feet  above  the  river.  This  drill  hole  reached  a 
depth  of  250  feet,  all  this  distance  being  in  gravel.  Such  a  depth 
would  make  the  lx)ttoni  of  the  hole  at  least  50  feet  below  sea  level.  As 
bedrock  outcrops  w  ithin  2  to  3  miles  of  this  place,  this  thick  deposit 
of  gravels  strongly  suggests  the  probability  of  having  been  formed 
by  an  earlier  stream  which  carved  its  channel  when  the  land  stood 
relatively  higher  with  resi)ect  to  the  sea  than  it  does  now. 

Another  deep  gravel  deposit  has  been  located  in  the  hills  west  of 
the  Koyuk  near  cam])  BIG.  At  this  place  a  shaft  192  feet  deep  was 
sunk  all  the  way  through  well-rounded  gravels.  The  bottom  of  the 
deposit  is  a  considerable  distance  l)elow  sea  level  and  points  to  a 
change  in  respect  to  sea  level  since  the  channel  was  carved.  This 
channel  was  probably  due  to  the  effusion  of  some  of  the  post-Creta- 
ceous lavas  which  obstructed  a  former  stream  course,  but  the  fact 
that  the  bottom  of  the  channel  is  far  below  sea  level  can  be  explained 
only  by  assuming  that  since  it  w^a.s  formed  the  region  has  been  rela- 
tively de]iressed.  A  further  description  of  this  deposit  is  given  on 
pages  110-113. 

Although  practically  nothing  is  known  of  the  depth  of  bedrock 
in  the  bottom  of  the  Yukon  Valley,  there  are  many  things  which 
lead  to  the  conclusion  that  the  gravel  filling  may  in  places  be  very 
thick.    This  is  also  tnie  of  the  Koyukuk  and  of  the  lower  parts  of  the 
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Kateel,  the  Gisasa,  and  other  large  tributaries.  It  is  possible  that 
these  deeper  gravels  are  not  solely  of  fluviatile  origin,  but  data  are  too 
few  to  permit  a  final  analysis  of  the  problem. 

In  addition  to  the  gravels  known  to  belong  to  an  older  group,  be- 
cause they  underlie  the  present  stream  gravels,  there  are  also  older 
gravels  whose  age  is  determined  by  the  fact  that  the  stream  has  cut 
its  valley  down  into  them.  In  other  words,  there  are  bench  deposits 
which  mark  either  a  relative  uplift  of  the  land  or  a  change  in  the 
erosive  power  of  the  streams  in  the  recent  past.  In  elevation  above 
the  adjacent  streams  the  benches  range  from  only  a  few  feet  to 
several  score  feet,  the  higher,  of  course,  being  more  obliterated  by 
having  been  exposed  to  erosin  a  longer  time  than  the  lower. 

Russell,*  who  ascended  the  Yukon  in  1890,  called  attention  to  cer- 
tain obscure  indications  of  terraces  or  sea  cliffs  at  an  elevation  of 
1,500  or  2,000  feet  on  a  number  of  the  hills  below  Nulato.  In  tra- 
versing these  ridges  in  1900  the  party  found  no  traces  of  gravel  at 
such  high  elevations,  and  it  is  believed  that  the  appearance  of  nearly 
horizontal  benches  is  due  to  the  beveling  of  the  stratified  rocks  of  the 
Cretaceous,  which  outcrop  in  these  hills.  Lower  down,  however,  at 
an  elevation  of  about  50  feet  above  the  river,  silts  and  sands  form  pro- 
nounced benches.  Although  these  deposits  have  not  been  studied  in 
detail,  their  position  and  topographic  expression  suggest  that  they 
mark  former  river-laid  gravels  and  sands  subsequently  dissected  by 
the  relative  down  cutting  of  the  present  river. 

Bench  gravels  are  found  in  the  Shaktolik  Valley  and  were  espe- 
cially noted  near  camp  AlO,  where  a  broadly  open  older  valley  floor 
covered  with  gravels  has  been  dissected  by  the  narrow  rock-walled 
canyon  of  the  present  stream.  Much  of  this  bench  gravel  is  heavily 
iron  stained.  This  feature  was  also  noted  at  several  places  farther 
downstream  near  camp  A13.  From  the  topographic  similarity  it  is 
probable  that  bench  deposits  corresponding  to  those  noted  on  the 
Shaktolik  occur  also  in  the  Gisasa  and  Kateel  valleys,  but  they  were 
not  searched  for. 

In  southeastern  Seward  Peninsula  bench  gravels  are  by  no  means 
uncommon  along  the  lower  slopes  of  many  of  the  valleys.  The  deep 
holes  on  Alameda  Creek  and  on  the  Niukluk  were  started  to  explore 
some  of  these  bench  deposits  and  part  of  the  other  gravels  belonging 
to  this  class,  but  as  they  grade  insensibly  into  the  lower  gravels  they 
have  been  described  with  the  older  ones.  There  are,  however,  many 
places,  as,  for  instance,  along  Ophir  Creek,  in  the  Council  region, 
where  bench  gravels  only  a  few  feet  thick  have  been  found.  Some 
of  these  are  auriferous  and  some  are  not. 


•Russell,  I.  C,  Notes  on  tlie  surfnco  poology  of  Alaska:  Bull.  Geol.  Soc.  America,  vol. 
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ings  of  thi!  crust,  wliereby  depressions  were  formed,  which  have  been 
subsequently  filled.  So  long  as  the  topography  of  .the  floor  on  which 
the  gravels  rest  has  not  been  determined,  it  seems  unsafe  to  attempt 
an  explanation  of  their  origin.  The  fact,  however,  that  the  uplands 
are  so  abruptly  cut  off  by  the  lowland  suggests  that  the  basin  is 
mainly  due  to  erosion  rather  than  to  deformation.  The  question  of 
the  origin  of  the  basin  is  not  important  in  this  discussion,  for  under 
either  view  the  flats  are  believed  to  have  been  formed  by  the  filling 
of  a  depression  eitlier  by  fluviatile  or  lacustrine  deposits. 

Owing  to  the  high  northern  latitude,  many  of  the  deposits  are 
permanently  frozen,  and  as  the  presence  or  absence  of  frost  in  the 
ground  has  an  important  elfect  upon  mining  enterprises  a  general 
statement  of  the  distribution  of  the  ground  ice  may  be  made.  Gen- 
erally the  older  gravels  are  permanently  frozen  and  some  of  the 
bench  deposits  contain  beds  of  clear  ice  in  places  a  score  or  more  feet 
thick.  So  far  as  is  known,  the  presence  or  absence  of  trees  on  the 
gravels  is  no  sure  indication  that  the  ground  is  thawed,  for  many 

:  Pror,  Paper  D.  S.  Qeol.  Surve; 
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instances  are  known  of  trees  of  large  size  growing  on  frozen  ground. 
For  instance,  at  Nulato,  as  Russell "  states,  a  well  25  feet  deep  went 
through  clay  and  sand  beds,  which  were  frozen  solid  with  the  excep- 
tion of  certain  dry  sandy  layers,  and  yet  spruce  was  abundant  in  the 
neighborhood  before  it  was  cut  off.  Although  most  of  the  older  gravel 
deposits  are  frozen,  those  near  the  present  streams  are  usually 
thawed.  Whether  this  condition  is  due  to  the  better  drainage  of  the 
present  stream  gravels  which  prevents  the  formation  of  ice  is  not 
known.  There  is  a  strong  suggestion,  however,  that  the  frozen  condi- 
tion is  due  to  past  climatic  controls  and  is  in  a  way  an  inheritance 
rather  than  a  process  now  in  progress.  This  possibility  receives  some 
support  from  the  distribution  of  ground  ice  in  the  marine  gravels. 
In  the  present  beach  deposits  permanent  frost  is  unknown,  whereas 
in  the  older  ones  it  is  almost  universally  present. 

GLACIAL  DEPOSITS. 

Glacial  deposits  are  limited  to  the  mountain  regions,  and  there  is 
strong  reason  for  believing  that  the  Nulato-Council  region  has  not 
been  covered  by  a  large  ice  sheet  in  sufficiently  recent  time  to  have 
had  any  effect  on  the  general  topography  or  on  the  unconsolidated 
deposits.  Near  the  Bendeleben  and  Darby  highlands,  however,  there 
are  indisputable  evidences  of  former  valley  glaciers  of  the  alpine 
type.  Deposits  formed  by  this  agency  are  of  three  kinds — in  one 
the  materials  are  unsorted  and  are  dumped  in  irregular  heaps  essen- 
tially as  they  were  deposited  when  the  ice  melted  away;  in  another 
the  glaciers  obstructed  the  normal  drainage  and  thus  formed  lakes 
on  which  ice-rafted  bowlders  were  transported  and  deposited ;  in  the 
third  the  morainic  material  was  transported  away  from  the  melting 
ice  by  water  and  so,  although  originating  through  glacial  action,  the 
present  form  of  the  deposits  is  characteristic  of  stream  deposition. 

A  particularly  clear  example  of  the  unsorted  morainic  material 
has  been  reported  by  Ilenshaw  in  the  Pargon  River  valley.  At 
the  edge  of  the  mountains  where  the  stream  debouches  into  the  Fish 
River  lowland  a  long  spur  on  the  east  side  of  the  valley  marks  the 
margin  of  a  former  glacier.  West  of  this  stream,  near  the  same  place, 
the  low  divide  between  the  Pargon  and  Ophir  Creek  is  also  formed 
of  morainic  material,  with  small  kettle  holes  or  depressions  irregu- 
larly distributed  over  its  surface.  Farther  up  Pargon  River  a 
moraine  from  McKelvie  Creek  extends  out  into  the  main  valley  and 
shows  characteristic  morainic  topography.  This  same  condition  is 
also  true  of  Helen,  Decatur,  and  many  of  the  other  tributary  creeks. 
The  absence  of  frontal  moraines  marking  the  recessional  stages  of 
the  main  glacier  is  probably  to  be  explained  by  assuming  that  the 

•  Russell,  I.  C,  op.  clt.,  p.  129. 
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dant  evidence  of  a  mnrninir  ridge  whicli  is  probably  responsible  in 
part  for  the  shiirp  U'lid  iii  the  stream.  Although  there  is  no  clear 
proof  of  the  concliiKion.  it  is  believed  that  at  one  time  there  may  have 
been  a  iliKcharge  of  this  brunch  by  way  of  the  Kwinitik  basin.  Al- 
though the  evidence  lis  conflicting,  there  is  a  poHSibility  that  the  Fish 
River  lowiand  also  may  be  due  to  ghiciation,  but  this  interpretation 
requiroM  much  more  detailed  investigation  and  is  advanced  with  many 
reservations. 

That  glaciation  has  considerably  modified  the  topography  within 
parts  of  the  Diirby  Itange  by  the  dp])osits  of  glacio-flu  via  tile  mate- 
rial is  well  shown  by  the  ridges  south  of  camp  Cll,  which  form  part 
of  the  Etchepuk  divide.  These  ridges  are  mainly  due  to  the  work 
of  glaciers  thnt  occupied  the  valleys  on  either  side,  but  the  presence 
of  water-worn  cobbles  intimately  associated  with  angular  ice-trans- 
ported debris  shows  that  both  agencies  were  operative  in  the  deposi- 
tion of  the  material.  From  the  topography  it  seems  probable  that 
this  morainic  deposit  accumulated,  as  is  indicated  in  fig.  7,  where 
the  tongues  of  ice  are  represented  by  CC,  with  nunataks,  or  islands 
of  the  underlying  rucks  (A.V).  se])aniled  by  low  saddles  now  filled 
with  moraines  (BIl).  The  elevation  of  the  top  of  the  morainic 
nutterial  above  the  floor  of  the  present  stream  is  about  400  feet.     Kast 
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of  this  point  and  farther  up  the  ridge  there  is  no  evidence  of  glacial 
deposits,  and  bare  rock  ledges  outcrop. 

All  of  these  examples  of  glaciation  have  been  taken  from  the  west 
side  of  the  range,  the  one  to  which  the  main  attention  of  the  party 
of  1909  was  paid.  Apparently  glaciation  is  more  notable  on  this 
side  than  on  the  eastern,  for  Mendenhall  says:  *  "  Many  of  the  higher 
areas  have  not  been  examined  in  detail  and  it  is  possible  that  small 
local  glaciers  may  have  existed  in  the  heads  of  some  of  the  valleys, 
but  no  evidence  of  their  existence  was  gathered  during  the  summer, 
and  views  into  the  mountains  from 
levels  but  little  below  their  highest 
points  revealed  no  forms  suggestive  of 
ice  work." 

AGE   OF   UNCONSOLroATED   DEPOSITS. 

A  consideration  of  the  unconsolidated 
deposits  as  a  whole  indicates  a  great 
diversity  of  age,  represented  by  the  dif- 
ferent types.  It  is  not  possible  as  yet 
to  correlate  these  various  deposits  defi- 
nitely, but  in  a  broad  way  they  are  more 
or  less  closely  related;  the  larger  part 
are  Quaternary,  but  probably  none  are 
older  than  the  upper  Tertiary.  From 
that  as  the  maximum  age  they  grade 
down  to  the  present  day  as  the  mini- 
mum. Assuming  that  the  period  of  maximum  glaciation  was  practi- 
cally contemporaneous  in  the  northern  hemisphere,  the  glacial 
deposits  already  noted  may  be  regarded  as  Pleistocene.  Certain 
bench  deposits  contain  mastodon  and  mammoth  bones,  which  show 
that  they,  too,  may  have  been  deposited  during  Pleistocene  time. 
Gravels  containing  bones  of  this  age  have  been  reported  in  the  Buck- 
land  Valley,  near  Candle,  on  Ophir  Creek,  and  along  the  Inglutalik, 
where  they  are  numerous. 

From  the  accounts  of  Henshaw,  the  well-recognized  moraine,  at  the 
point  where  the  Pargon  River  leaves  the  hills,  has  been  deposited  on 
top  of  the  gravels  of  the  Fish  River  lowland.  Whether  this  means 
that  all  these  gravels  are  older  than  the  glaciation  or  whether  the 
recognized  moraine  may  only  be  one  of  the  recessional  stands  of  the 
ice  after  a  much  farther  southward  advance  has  not  been  determined, 
so  that  no  statement  of  the  age  of  the  two  types  of  gravel  can  be 
made.  From  the  meager  evidence,  however,  it  seems  probable  that 
these  gravel-plain  deposits  are  in  part  contemporaneous  with  the 


Figure  7. — Diagram  showing  rela- 
tions of  glacial  material  on 
Etcbepuk  divide.  (A,  Rocky 
knobs.  B,  marginal  glacial  de- 
posits.    C,  Valley  glaciers.) 


•Mendenhall,  W.  C,  op.  cit.,  p.  208. 


glacial  dej 
at  the  poii 
Concern 
certainty, 
but  from 
are  groun< 
The  evidei 
near  Norn 
of  Korton 
have  been 
the  upper 
poraneou.^ 
part  of  th< 
Fleistoceni 
ited  as  tht 
its  present 
however,  ( 
coast,  so  tl 


From  tl 
Council  re 
plex.  Air 
of  metamc 

laying  down  of  the  Cretaceous  sediments,  that  the  Cretaceous  rocks 
have  themselves  been  folded  and  deformed,  and  that,  latest  of  all, 
there  have  been  undeformed.lava  flows  and  gravel  deposits.  It  is 
thus  evident  that  at  least  two  periods  of  mountain  building  and 
deformation  have  affected  the  older  rocks,  and  that  their  present 
distribution  and  characters  are  the  resultants  of  these  perhaps  op- 
posed actions.  These  actions  Iinve  produced  enormous  dislocation 
and  folding,  wlijch  can  only  be  vaguely  realized  and  which  can  not 
be  represented  in  section  except  so  dingrammatically  as  to  obscure 
the  facts.  Furthermore,  precise  details  of  complex  structure  can  not 
be  gained  on  an  exploratory  survey.  It  has  seemed  best,  therefore, 
not  to  draw  cross  sections  with  the  apjjearance  of  finality,  but  rather 
to  call  attention  to  the  geologic  maps  (Pis.  V  and  VI,  in  pocket), 
from  which  sections  may  be  constructed.  In  this  way  the  hypothet- 
ical condition  will  be  moi-e  clearly  discriminated  from  the  actual  facts. 

The  large  scale  structural  features  of  the  region  are  folds  and 
faults.  Many  examples  of  each  were  obsei-ved  in  the  field,  and  many 
others  must  be  assumed  in  order  to  explain  the  areal  distribution  of 
the  various  ixick  groups.     In  the  areas  of  metamorphic  rocks  the 
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structure  seemed  to  be  simple  in  places  where  outcrops  were  scarce, 
but  was  found  to  be  very  complex  in  places  where  outcrops  were  fre- 
quent or  continuous,  as,  for  example,  along  the  seacoast  of  the  Darby 
peninsula;  profound  disturbance  alone  could  explain  the  facts  there 
revealed.  In  the  areas  of  post-metamorphic  rocks,  on  the  other  hand, 
the  structures,  although  deformed,  showed  larger  scale  and  conse- 
quently less  complex  relations.  For  this  reason  the  two  areas  may  be 
treated  more  or  less  independently. 

The  folds  and  faults  produced  by  the  post-Cretaceous  deforma- 
tion are  most  strongly  marked  in  the  Nulato-Norton  Bay-  region. 
Here  the  predominant  structure  trends  northeast-southwest  and  is 
very  pronounced.    This  structure  has  had  a  marked  effect  upon  the 


FioUBX  8. — DiajBrrammatic  section  west  of  Traverse  Peak. 

distribution  of  the  topographic  features,  such  as  ridges  and  valleys, 
which  are  dominantly  parallel  to  this  direction.  Although  the  trend 
of  the-  ridges  is  undoubtedly  due  to  the  structure,  the  surface  in  no 
way  corresponds  to  the  surface  of  the  old  folded  structure;  for, 
although  some  of  the  ridges  are  anticlinal,  many  are  synclinal.  Such 
a  condition,  of  course,  would  not  be  produced  unless  long-continued 
erosion  had  dissected  the  hills.  In  the  part  of  the  divide  between  the 
Yukon  and  the  Norton  Bay  drainage  near  Traverse  Peak  the  struc- 
ture is  distinctly  anticlinal,  but  the  present  surface  of  the  hills  must 
be  many  thousand  feet  below  the  former  surface.  Figure  8  shows 
in  diagrammatic  fashion  the  observations  made  eastward  from  near 
the  forks  of  the  Inglutalik,  2  miles  below  camp  B8,  to  the  top  of 
Traverse  Peak.  The  observed  dips  are  indicated  by  the  heavy  lines, 
whereas  the  implied  consequences  are  shown  by  dotted  lines.    In  this 
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also  the  Cre(jiceouj<  area  west  of  the  mouth  of  the  Koyuk  seems  to 
be  an  inset  block  of  sandstone  dropped  down  so  far  that  the  con- 
glomerate which  stiould  underlie  it  is  not  exposed.  The  absence  of 
the  cnnplomerate  at  this  place  shows  conchisively  that  the  beds 
could  not  have  been  folded  into  their  present  condition,  but  must 
have  been  inset  by  faultiufj.  Xo  es-timate  of  the  displacement  repre- 
sented by  this  fault  was  obtained,  but  it  was  nt  least  many  hundred 
feet  and  was  possibly  several  fliousand  feet. 

As  siigpestod  in  the  preceding  paragraph,  it  is  believed  that  many 
if  not  most  of  the  larger  faults  in  the  area  dominantly  occupied  by 
the  Cretaceous  rocks  were  produced  at  the  same  general  period  as 
the  folding  in  the  central  part  of  the  region.  Folds  passing  into 
faults  are  well-known  phenomena,  and  it  seems  reasonable  that  where 
the  defoi-mation  was  greatest  the  beds  would  be  more  apt  to  rupture 
and  produce  faults.  That  the  regions  outside  of  the  great  Cretaceous 
area  were  the  most  uplifted  is  indicated  by  the  fact  that  sediments 
of  this  age  have  been  removed  by  erosion  more  extensively  than  in 
the  Nulato-Norton  Bay  region.  It  is  not  believed  that  the  absence  of 
Cretaceous  rocks  over  much  of  the  area  of  metnmorphic  rocks  which 
form  the  rim  of  the  present  basin  is  owing  to  their  not  having  been 
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originally  deposited  there.  The  reason  for  this  belief  rests  on  the 
inset  blocks  on  the  Tubutulik  and  at  the  Ramparts  of  the  Yukon  as 
well  as  at  many  of  the  less  well  known  localities.  It  seems  thatthese 
blocks  point  conclusively  to  a  former  much  greater  extension  of  this 
rock  system,  which  has  been  gradually  decreased  as  erosion  removed 
the  higer  parts  and  exposed  the  underlying  rocks.  As  to  the  posi- 
tion of  the  former  shore  line  of  the  maximum  extent  of  the  Creta- 
ceous sea  there  is  no  known  evidence,  and  it  is  doubtful  whether  proof 
can  be  obtained,  as  erosion  has  so  extensively  removed  the  traces. 

To  return  to  the  faults  in  the  Cretaceous  area — it  has  been  sug- 
gested that  many  of  the  larger  faults  have  been  the  result  of  the  post- 
Cretaceous  deformation,  and  the  reasons  for  this  belief  have  been 
stated.  Although  the  validity  of  this  argument  may  be  questioned, 
as  it  rests  so  much  on  hypothesis,  there  can  be  no  doubt  that  certain 
faults  belong  to  this  period.  Numerous  examples  were  observed 
along  Shaktolik  River  where  closely  appressed  folds  have  been 
broken  and  faults  have  been  produced  by  the  deforming  forces.  It  is 
a  notable  fact  well  shown  by  the  excellent  exposures  along  the  canyon 
waUs  of  the  Shaktolik  that,  where  the  deformation  is  most  intense, 
as  indicated  by  the  close  folding,  faults  are  most  numerous.  Of 
course,  it  is  only  at  intervals  that  the  age  of  these  faults  with  respect 
to  the  folding  can  be  determined  by  direct  observation.  The  inti- 
mate relation,  however,  of  faulting  to  areas  of  close  folding  and  the 
observed  passage  of  folds  into  faults  make  it  almost  certain  that  much 
of  the  folding  and  faulting  were  contemporaneous. 

That  there  has  been  faulting  in  the  Cretaceous  area  subsequent  to 
the  main  period  of  deformation  is  clearly  shown  by  the  fact  that 
faults  have  been  observed  cutting  the  post-Cretaceous  dikes  which 
form  apophyses  of  the  Christmas  mountain  intrusion.  Faults  of  this 
age  were  observed  near  camp  A16,  on  the  Ungalik,  and  there  was 
evidence  that  larger  movements  had  taken  place  elsewhere.  It  is 
to  be  borne  in  mind,  however,  that  the  opportunities  for  obtaining 
data  on  the  age  of  the  faults  are  infrequent,  and  it  is  by  no  means 
improbable  that  faults  later  than  the  post-Cretaceous  deformation 
may  be  more  conmion  and  widespread  than  the  single  faulted  area 
noted  indicates.  So  far  as  known,  however,  it  is  certain  that  none 
of  the  later  faults  exercise  a  direct  effect  on  the  present  topography. 

As  has  already  been  pointed  out,  the  period  of  post-Cretaceous 
deformation  was  one  of  mountain  building,  and  its  effects  were  not 
confined  to  the  Cretaceous  area  between  the  Yuk(m  and  the  Koyuk, 
but  were  extended  to  the  already  greatly  deformed  rocks  of  Seward 
Peninsula.  Traces  of  this  folding  may  still  be  recognized  in  the 
dominant  north-south  trend  of  manv  of  the  structures.  An  illustra- 
tion  of  this  trend  is  seen  in  the  band  of  Paleozoic  rocks  along  the 
east  side  of  the  Darby  Range  and  also  in  the  various  limestone  bands 


probable  tlmt  the  deformation  that  occurred  in  this  part  of  the  field 
was  characterized  by  faults  rather  than  by  folds.  According  to  this 
explanation  great  blocks  practically  nndoformed  may  have  been  up- 
lifted and  oriented  in  a  north-south  direction  without  having  been 
folded  or  without  having  hod  pronounced  shear;- ~  '-■" — -^ 

With  such  pronounced  post-Cretaceous  deforn 
throughout  the  region,  it  is  evident  that  the 
structures  is  possible  only  by  the  most  detailed 
much  as  such  studies  hiivc  not  yet  been  made,  it 
tations  are  to  be  regarded  as  tentative  and  as  i 
structures  to  be  expected  rather  than  as  stating 
at  any  particular  locality.  Tn  order  to  emphaf 
acter  of  some  of  the  pre-Crctaceous  deformatii 
field  observation  may  not  be  out  of  place. 

Plate  XIII,  .1,  shows  one  of  the  closely  a] 
immediate  neighborhood  of  the  Omilak  mine  n 

trates  the  point  in  hand.  This  illustration  is,  of  course,  only  one  of 
the  smaller  folds,  for,  as  is  indicated  by  the  hammer,  whith  is  about 
18  inches  long,  the  outcrop  is  only  about  10  to  12  feet  high.  It  should 
also  be  noted  in  this  view  that  although  the  folded  character  of  the 


B.     FOLDED  AND  SHATTERED  LIMESTONE  ON  OPHIR  CREEK. 
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beds  is  very  dearly  shown  in  the  central  and  left-hand  portion  of  the 
picture,  the  beds  on  the  opposite  sides  of  the  axis  in  the  right-hand 
portion  are  so  nearly  parallel  that  except  under  favorable  conditions 
of  exposure  the  divergence  might  be  attributed  to  minor  faults  or 
might  even  pass  undetected. 

Where  the  beds  are  so  closely  folded  it  is  evident  that  it  is  very 
difficult,  if  not  impossible,  to  distinguish  between  the  two  or  more 
periods  of  deformation  known  to  have  aflPected  the  region.  For 
instance,  the  fold  shown  in  Plate  XIII,  /I,  has  a  strong  pitch  to  the 
west — ^that  is,  away  from  the  point  of  view.  IVliether  this  pitch  is 
due  to  the  same  deformation  which  overthrew  the  fold  toward  the 
north  (to  the  right)  or  whether  the  overturned  fold  has  itself  subse- 
quently been  folded  parallel  to  a  north-south  axis  is  not  known.  Figure 
9  shows  in  diagrammatic  manner  the  corlditions  probably  existing  at 
this  place,  the  right-hand  part  of  the  diagram  representing  the  part 
of  the  area  shown  in  Plate  XIII,  A.  As  the  north-south  folds  of  the 
l)ost-Cretaceous  deformation  are  the  latest  mountain  building  in  the 
region,  it  follows  that  the 

east-west  trend  noted  in  the      ^_^__ _^^^!^^s_ ^4?^^^ jt 

vicinity  of  the  Omilak  mine  ^^/         ^ /^^Vy 

preceded   that   period   and  ^^  juQ^^^ 

was  later  deformed  by  the  r^V  V^x^^^ 

forces  producing  the  north-  ^O-^t^^^^ 

south  trend.     On  the  other  ^ 

hand,  it  is  entirely  within     ^^^^^^  o.— Diagram  showing  folding  m  two  airec- 

tlons. 

the  bounds  of  reason  to  sup- 
pose that  in  a  period  of  deformation  such  as  that  which  followed  the 
laying  down  of  the  Cretaceous  deposits  the  dynamic  forces  would  not 
be  equal  over  the  entire  area;  hence  the  sag  shown  in  the  diagram 
might  occur  at  a  place  marking  inequality  of  the  deforming  force. 

Whatever  the  final  determination  may  be  as  to  the  origin  of  this 
structure,  the  fact  remains  that  it  is  by  no  means  uncommon  in  the 
region.  The  irregular  distribution  of  the  different  formations  seems 
to  suggest  a  structure  of  this  kind.  For  instance,  if  the  present 
erosion  surface  be  indicated  by  a  plane  passing  through  the  dotted 
line  AA  in  figure  9,  it  is  evident  that  the  limestone  bed  BB  would 
be  exposed  in  the  field  by  two  isolated  outcrops  in  which  the  fold, 
if  it  was  as  closely  appressed  as  the  one  shown  in  Plate  XIII,  A^ 
would  probably  escape  detection,  owing  to  the  close  parallelism  of  the 
two  limbs. 

The  reverse  of  the  condition  shown  in  figure  9  might  also  occur 
where  the  field  relations  would  be  as  though  the  diagram  were  looked 
at  upside  down  and  the  erosion  surface  were  still  represented  by  the 
dotted  line  AA.  Under  this  condition  only  the  synclinal  bowls  where 
the  rocks  had  been  folded  down  lowest  in  the  latest  period  of  deforma- 


stnnll  hand  spocimeiis  are  the  miniatures  of  the  larger  features,  and 
the  reason  for  the  difficulty  in  retogiiiziiig  the  larger  ones  is  the 
complexity  of  the  slnicture  an<i  the  absence  of  clearly  distinguish- 
able horizons  in  the  sehist  complex.  On  the  1,200-foot  hill  east  of 
camp  C4  almost  ever\'  piece  of  float  gives  striking  illustration  of 
this  double  plication. 

Of  the  existence  of  the  two  periods  described  there,  can  be  no  doubt, 
for  they  have  been  recognized  not  only  in  this  field  but  in  many  other 
pjirt.s  of  Seward  Peninsula.  Moffit,  who  studied  the  region  to  the 
north  where  the  rocks  are  similar  in  many  respects  to  those  found 
in  the  southeastern  part  of  the  peninsula,  says: ' 

Tliifi  complex  (tLe  iiietiimurpliic  groii])).  boih  Bwliiuetilnry  and  igneous  in 
origin,  wiiM  iifToctctl  by  tLe  two  juovemeiita  nicnlioncd.  whlcli  acted  In  very 
different  directions.  Oue  [irodiiced  a  structure  la  wbicL  the  axes  of  the  folds 
esteud  lu  nn  eiiNt-west  direction,  and  is  must  |ili)iuly  expressed  la  the  uplift 
c'onstltiitiiiR  the  Klgliiink  and  Bendclebea  mountains.  *  •  •  This  east-west 
Structure  corresimnds  [u  the  direclloii  of  Its  folds  with  the  main  structural  lines 
of  the  whole  of  western  Alaska,  and  Is  believpd  to  have  been  produced  before  the 
deiwsltion  of  the  coiil  liecis ;  that  is.  bofore  Cretaceous  or  lower  Tertiary  time. 

The  second  movement  restilted  lu  the  production  of  folds  whose  axes  have 
a  generiil  north-south  direction  and  are  the  dominant  structural  feature  of  the 
northern  [lorlion  of  the  peninsula. 
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It  has  already  been  suggested  that  the  schists  which  underlie  the 
Paleozoic  rocks  were  probably  deformed  prior  to  the  deposition  of 
that  member  of  the  stratigraphic  sequence  and  that  the  later  rocks 
lie  unconformably  upon  them.  This  is  a  difficult  thing  to  prove  and 
is  advanced  tentatively.  There  is  no  place  where  the  underlying  and 
the  overlying  rocks  occur  so  intimately  associated  that  the  possibility 
of  faulting  is  precluded,  and,  although  the  underlying  rocks  are 
much  more  schistose  and  apparently  more  deformed,  there  is  neces- 
sarily the  uncertainty  as  to  the  weight  that  should  be  given  to  this 
evidence  when  applied  to  lithologically  different  rocks.  In  spite  of 
these  objections  it  is  believed  that  there  was  a  period  of  profound 
pre-Silurian  deformation.  Definite  proofs  of  this  event  have  been, 
in  the  main,  removed  by  the  two  subsequent  periods  of  mountain 
building,  but  the  constant  greater  metamorphism  of  the  supposedly 
older  schists,  the  field  relations  of  the  two  groups,  and  the  presence 
of  certain  structures  in  the  older  schists  not  found  in  the  Paleozoic 
rocks  lead  to  the  conclusion  that  there  was  a  period  of  pre-Silurian 
deformation. 

If  this  hypothesis  proves  to  be  correct,  it  follows  that  an  exceed- 
ingly complex  arrangement  of  the  lithologic  members  of  the  okler 
schists  is  to  be  expected,  and  that  the  final  determination  of  the  suc- 
cession in  that  group  will  be  accomplished  with  the  utmost  difficulty. 
For  the  purposes  of  this  paper,  however,  it  will  be  sufficient  to  point 
out  that  the  effect  of  each  period  of  deformation  has  been  to  make 
the  distribution  of  the  older  rocks  more  and  more  irregular,  and,  if 
the  term  may  be  applied  to  distribution,  smaller  "  textured."  As 
to  the  trend  of  the  deformation  of  the  oldest  folding,  there  are  no 
data  available  on  which  to  base  even  an  approximation. 

HISTORICAL.  GEOI.OOY. 

To  one  who  has  followed  the  preceding  descriptions  with  geologic 
insight  the  successive  events  which  occurred  in  the  region  have 
already  been  given.  As  the  facts  for  making  a  relative  chronology, 
however,  have  been  scattered  through  many  pages,  it  seems  desirable 
to  collect  these  details  into  secjuential  order  which  shall  give  an 
epitome  of  the  geologic  history  of  the  Xulato-Couneil  region. 

The  oldest  recorded  event  from  which  a  start  can  be  made  was  the 
laying  down  of  quartzose  and  calcareous  sediments  over  much  of 
what  is  now  western  Alaska  under  presumably  marine  conditions. 
No  definite  age  for  this  event  can  be  given.  It  was,  however,  un- 
doubtedly earlier  than  the  Silurian.  From  the  evidence  secured  by 
Kindle  in  the  York  region  of  western  Seward  Peninsula,  where  the 
Ordovician  and  Upper  Cambrian  seem  to  form  a  continuous  rela- 
tively uninterrupted  sequence  overlying  similar  rocks,  there  is  some 


In  the  Niilato-Couiicil  region  this  deposition  corresponds  with  the 
laying  down  of  the  Paleozoic  rocks.  In  the  western  part  of  the  penin- 
sula, however,  as  has  already  been  pointed  out,  there  are  limestones 
containing  Cambrian  and  Ordovician  fossils,  and  as  there  is  no  known 
break  between  these  limestones  and  the  Silurian -Devonian-Carbonif- 
erous (?)  rocks  of  this  region  it  is  assumed  that  the  period  of  dep- 
osition may  have  continued  practically  uninterruptedly  from  the 
Cambrian  to  the  Devonian  or  Carboniferous.  During  most  of  this 
time  limestones  were  being  laid  down,  but  the  intercalation  of  highly 
quartzose  carbonaceous  sediments,  sucJi  as  those  now  found  near 
Mount  Kwiniuk,  indicates  movements  of  the  sea  floor  and  changes 
in  relation  to  the  source  of  waste  supply. 

After  the  deposition  of  the  Paleozoic  rocks  there  was  probably  an 
uplift,  for  the  next  event  recorded  was  the  intrusion  of  greenstones, 
some  of  which  formed  surface  flows.  Such  flows  could  hardly  have 
taken  place  while  the  limestones  were  being  laid  down,  and  it  is 
therefore  necessary  to  believe  that  a  part  of  Seward  Peninsula  was 
at  that  time  dry  land.  This  period  of  greenstone  intrusion  was  well 
marked  through  many  parts  of  Alaska  and  has  been  recognized  not 
only   in  Seward   Peninsula,  but  also  in  the  northern   part  of  the 
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Eoyukuk,  in  the  basin  of  the  Melozitna,  and  in  the  Kaiyuh  hills.  If 
the  extrusions  of  greenstone  materials  took  place  on  land  they  must 
have  unconformably  overlain  the  older  rocks.  In  the  Nulato-Norton 
Bay  region  none  of  the  effusive  types  were  recognized,  but  farther 
west  effusive  character  was  strongly  suggested  by  the  exposures  in 
the  Solomon-Casadepaga  quadrangles.  In  the  central  Yukon  region 
the  age  of  the  greenstone  intrusion  is  Devonian.  For  this  reason  it 
is  possible  that  in  the  determination  of  the  fossils  from  the  sedi- 
mentary rocks  as  either  Devonian  or  Carboniferous,  preference  should 
be  given  to  the  older  rather  than  the  younger  system.  In  the  Copper 
River  region  and  in  southeastern  Alaska,  on  the  other  hand,  a  period 
of  greenstone  effusion  has  been  described  as  Carboniferous  or  later,  so 
that  correlation  by  analogy  is  inconclusive. 

With  the  intrusion  of  the  greenstones  there  was  some  local  or  con- 
tact metamorphism  of  the  rocks  they  penetrated,  but  the  effects  were 
slight.  There  was  also  the  formation  of  some  veins,  but  many  of  the 
older  veins  were  already  in  the  Paleozoic  rocks  before  the  intrusion 
by  the  greenstone,  for  in  places  the  veins  are  abruptly  cut  off  by  the 
later  rock.  With  the  greenstone  probably  a  little  mineralization  was 
introduced,  but  its  effects  upon  the  metalliferous  resources  of  the 
region  were  slight. 

After  the  formation  of  the  greenstones  a  period  of  mountain  build- 
ing ensued  in  which  the  previously  formed  rocks  were  metamor- 
phosed dynamically  and  profoundly  faulted  and  folded.  When  this 
occurred  can  not  be  told  with  definiteness  owing  to  the  uncertainty 
of  the  ages  of  the  Paleozoic  rocks  and  the  greenstones.  From  the 
evidence  afforded  by  other  parts  of  Alaska  there  are  two  dates  to 
which  the  deformation  may  reasonably  be  assigned — one  is  in  the  late 
Devonian,  and  the  other  is  in  the  early  part  of  the  Mesozoic.  If  the 
Devonian  instead  of  the  Carboniferous  age  of  the  sedimentary  rocks 
is  assumed,  it  follows  that  either  of  these  periods  will  fulfill  the 
requirements  of  the  field  evidence.  If,  on  the  other  hand,  however, 
the  upper  part  of  the  deposits  is  Carboniferous  it  is  evident  that  the 
period  of  mountain  building  following  the  deposition  and  consolida- 
tion of  the  Paleozoic  sediments  and  their  intrusion  by  the  green- 
stones must  have  been  the  one  occurring  in  the  Mesozoic.  No  con- 
clusive evidence  on  this  point  has  been  obtained,  and  the  question 
must  still  remain  an  open  one. 

As  a  result  of  the  deformation,  the  rocks  were  cleaved  and  folded 
and  probably  high  mountains  were  formed.  As  soon  as  they  were 
formed,  erosion  began  to  wear  them  down  and  to  transport  the  mate- 
rial toward  the  sea.  No  clear  idea  is  possible  of  how  long  this  proc- 
ess continued  uninterruptedly,  for  the  only  part  of  the  Mesozoic 
represented  by  stratified  rocks  in  this  field  is  Cretaceous.  An  inter- 
ruption occurred  some  time  after  the  mountain  building  and  prior 


96 

to  the 
is  no  I 
eydet 
of  the 
Tbe 
4iorit( 
turtm 
oould 


from  I 
mayb 
afford* 
uiuski 
drtern 
later  t 
Ikta  3 
that,! 
timeo 
until  1 

Alt) 
gross 
tentat: 
asmim 
of  tht 
Mc'scizoir. 

In  tlie  section  denting  ivitli  the  cleKcriptive  geology  of  the  pre-Cre- 
tnceoiis  igneiiiis  rocks  it  was  stated  thiit  in  the  Kiwalik-Buckland 
divide  there  were  ancient  etfusives  along  the  flanks  of  that  highland. 
It  is  pnictically  inconceivable  that  effnsive  rocks  of  geologically  the 
same  ago  as  granular  intrusives  should  occur  in  contact  with  those 
intmsives.  The  gnuuilur  rocks  by  their  texture  require  relatively 
slow  cooling  under  consider  a  bio  cover.  It  follows,  thei-efore,  that 
when  the  intrusives  of  the  Kiwalik-Buckland  highland  were  injected 
there  had  been  a  considerable  thickness  of  strata  over  the  region, 
which  was  removed  before  the  etTusion  of  the  older  lavas.  No  pre- 
cise measure  of  the  time  required  for  eroding  the  superincumbent 
rocks  ciui  be  made,  but  it  must  have  taken  a  long  time.  After  erosion 
had  exposed  the  pluionic  rocks  of  the  mid-Mesozoic,  andesitic  lavas 
were  e.\truded. 

During  the  latter  part  of  this  period  this  portion  of  Seward  Penin- 
sula, at  least,  must  have  been  land.    Gradual  submergence  occurred 

*  Pnlge,  Siilno.v.  and  Kangif.  Adolplj,  (icoloclc  rcronnnlnHniK'o  in  Mnlannxka  and  Tnl- 
heelna  hanlns.  AJnska  :  Bull.  D.  S.  (Jcol.  Burvry  Nn.  H27,  ItlOT.  |),  2n. 

^Wrichl,  r.  K.  and  C.  W..  Ki'tciaxnn  and  Wraag«n  mining  dlBtClCU,  Alaska:  Uoll. 
U.  8.  Geol.  Surve;  No.  347.  1908,  p.  T6. 
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and  marine  watere  beat  against  the  shore  fonning  a  heavy  conglom- 
erate which,  as  time  went  on  and  the  shore  line  gradually  encroached 
farther  and  farther  on  the  land,  was  buried  in  the  deeper  parts  of 
the  basin  by  finer  se<liments.  At  no  time,  however,  was  the  water  in 
the  basin  very  deep,  for  mu<l-flat  markings  and  cross  bedding  are  ob- 
servable  at  many  places.  Pi'obably  by  stages  more  or  less  equal  with 
the  filling  of  the  basin  with  detritus  the  bottom  sank  until  a  great 
thickness  of  sediment  was  deposited.  Where  the  farthest  encroach- 
ment of  the  sea  on  the  land  occurred  is  not  known,  but  marine  waters 
must  have  covered  the  larger  part  if  not  the  whole  of  what  is  now 
Seward  Peninsula.  In  this  sea  the  deposits  accumulated  and  covered 
the  pre-existing  topography  that  had  not  been  effaced  by  the  beat  of 
the  sea  upon  it. 

The  geologic  age  of  the  sediments  deposited  during  this  period 
is  Cretaceous.  As  has  already  been  stated,  on  page  50,  the  Ungalik 
conglomerate  at  the  base  may  be  Lower  Cretaceous,  but  the  upper 
part,  or  Shaktolik  group,  contains  no  fossils  other  than  of  Upper 
Cretaceous  age.  In  other  parts  of  Alaska  there  has  been  reported  a 
pronounced  break  between  the  Upper  and  the  Lower  Cretaceous  and 
the  two  are  in  uncomfomiable  relations.  In  this  province  no  break 
Was  noted.  If,  however,  subsequent  studies  should  show  a  period 
of  diastrophism  between  the  Upper  and  the  Ix)wer  Cretaceous  it 
would  seem  rather  conclusive  evidence  that  the  Ungalik  conglomerate 
is  of  Upper  Cretaceous  age,  for  the  fossil  evidence  which  seemed  to 
indicate  a  Lower  Cretaceous  age  is  very  weak.  Under  such  conditions 
the  Lower  Cretaceotis  would  be  represented  in  Seward  Peninsula  by 
the  erosion  interval  at  the  base  of  the  T^ngalik  conglomerate. 

Succeeding  the  period  of  Cretaceous  deposition  was  the  last  epoch 
of  mountain  building.  By  this  deformation  enormous  folds  and 
faults  were  produced  wliich  must  have  made  mountain  ranges  of 
great  height.  There  is  no  direct  evidence  as  to  the  time  when  this 
folding  occurred.  From  analogy  with  other  parts  of  Alaska,  how- 
ever, it  is  known  that  there  are  two  possible  ages  to  which  the  epeiro- 
genic  movements  may  be  referred.  In  soiitliwestern  Alaska  the  ICenai 
or  upper  Eocene  is  unconfoi-mable  on  the  Upper  Cretaceous.^  This 
unconformity  is  marked  by  a  break  in  faunas  rather  than  by  mountain 
building,  but  the  fact  that  in  places  the  Kenai  is  known  to  rest  di- 
rectly upon  the  Jurassic  indicates  a  long  period  of  changes.  The 
other  period  to  which  the  great  orogenic  movements  of  the  post- 
Cretaceous  may  be  referred  is  later  than  the  deformation  of  the 
Kenai.  There  is  but  little  to  show  which  of  these  is  the  correct  cor- 
relation, for- there  is  no  Kenai  in  the  region  studieil.     With  full 

•  StaDton,  T.  W.,  and  Martin,  (}.  (\,  Tho  M»^s«)zoic  section  on  Cook  Inlot  and  Alaska 
Peninsula:  Bull.  (Wo\.  Soo.  Amorlcn,  vol.  H),  11)05,  p.  410. 
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environs  bear  witness  to  this  period.  As  has  already  been  pointed 
out  some  of  these  lavas  are  so  recent  that  they  overlie  the  gravels  of 
the  Noxapaga  basin,  whereas  others  are  so  much  older  that  they  stand 
at  least  a  hundred  feet  above  the  present  streams,  which  have  carved 
their  valleys  through  them. 

Many  of  the  lavas  flow  down  the  lowland  areas  of  the  preexisting 
topograpliy.  In  these  depressions  they  were  consequently  thicker  and 
have  therefore  been  less  thoroughly  removed  by  erosion.  From  the 
distribution  of  the  residual  patches  it  is  therefore  possible  to  recon- 
struct in  a  measure  the  former  topography,  and  it  is  from  this  recon- 
struction that  one  is  able  to  state  that  much  erosion  must  have  affected 
the  structure  produced  by  the  post-Cretaceous  deformation  before  the 
effusion  of  the  lavas. 

While  the  volcanism  was  in  progress,  erosion  still  continued  over 
much  of  the  area  and  the  highlands  were  degraded  and  deposits  were 
formed  off  the  coasts.  The  erosion,  however,  did  not  proceed  uni- 
formly, for  there  were  undoubtedly  movements  of  the  earth's  crust 
whereby  certain  parts  were  uplifted  and  others  depressed.  On  the 
whole,  however,  these  movements  were  gentle,  broad,  regional  uplifts 
and  were  not  acute  mountain-building  deformations.     Because  of 
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uplift  movements  the  streams  were  at  times  forced  to  cut  their  chan- 
nels deeper  into  the  bed  rock  of  their  valleys,  but  at  other  times, 
because  of  depression,  they  found  the  rock  floors  too  deep  and  were 
forced  to  lay  down  some  of  the  waste  they  were  transporting,  and 
thus  aggrade  their  courses.  Changes  of  this  sort,  however,  did  not 
exercise  any  considerable  effect  on  the  form  of  the  region  except  to 
reduce  the  relief  consistently. 

After  erosion  and  deposition  had  been  in  progress  for  a  long  time 
a  change  in  the  climatic  conditions  resulted  whereby  glaciation  of 
the  valley  type  was  developed  in  the  highland  areas.  Apparently 
thife 'event  took  place  when  th'e  sum  of  the  preglacial  movements  had 
resulted  in  the  region  stant^ing  relatively  lower  than  it  does  now 
with  respect  to  sea  level  and  grade  level.  The  main  result  of  the 
period  was  to  scour  out  the  mountain  valleys  and  distribute  the  waste 
thus  formed  beyond  the  area  occupied  by  the  ice.  From  fossils  asso- 
ciated with  the  deposits  formed  at  this  time  it  seems  probable  that 
this  occurred  in  the  Pleistocene,  which  was  also  the  period  of  maxi- 
mum glaciation  in  other  parts  of  the  northern  hemisphere. 

As  the  vigor  of  glacial  conditions  abated,  the  glaciers  receded  into 
the  hills  and  finally  disappeared.  A  long  time,  however,  is  required 
for  this  process,  as  is  shown  by  the  various  moraines  in  the  Pargon 
Valley  and  elsewhere  in  the  mountain  region.  All  this  time  deposits 
of  glacio-fluviatile,  fluviatile,  and  marine  origin  were  being  formed 
in  the  areas  not  occupied  by  the  ice  where  the  conditions  were  favor- 
able. Lava  flows  may  also  have  occurred  at  this  same  time  in  the 
areas  not  occupied  by  the  ice. 

With  the  close  of  glacial  conditions  oscillations  of  the  crust  similar 
to  those  preceding  the  period  of  glaciation  again  become  evident. 
It  is  not  intended  to  imply  that  these  oscillations  ceased  during 
glacial  time,  but  the  evidence  is  so  obscured  that  the  movements  were 
not  recognized.  The  general  result  of  these  postglacial  uplifts  has 
been  to  raise  the  region  somewhat  above  the  relative  position  it  occu- 
pied during  the  Pleistocene.  Apparently,  however,  the  sum  of  the 
recent  upward  movements  has  not  yet  equaled  the  sum  of  the  earlier 
downward  movements,  so  that  the  floors  of  many  of  the  larger  streams 
are  still  below  sea  level.  The  general  recent  uplift  is  shown  in  the 
rock-walled  shallow  canyons  in  which  many  of  the  streams  flow. 

Although  the  late  Tertiary  to  Recent  movements  have  been  de- 
scribed as  resulting  in  certain  general  conditions,  it  should  be  dis- 
tinctly understood  that  these  movements  were  such  that  while  depres- 
sion was  taking  place  in  one  part  of  the  region  uplift  may  have  taken 
place  in  another.  Hence  it  appears  that  deposits  at  the  same  eleva- 
tion above  or  below  sea  level  are  by  no  means  synchronous  and  may  * 
be  entirely  unrelated  in  origin.  Contemporaneity  of  the  various 
deposits  can  only  be  determined  by  careful  and  detailed  investiga- 
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tions  of  the  region.  Inasmuch  as  many  of  the  problems  of  economic 
importance  are  connected  with  the  correct  correlation  of  the  different 
deposits,  it  is  necessary  that  such  correlations  should  be  searchingly 
investigated  and  not  be  based  on  superficial  examination  or  upon 
apparent  similarity  of  factors  known  to  be  variables. 

In  order  to  summarize  the  history  of  the  region  as  determined 
the  table  shown  in  figure  10  has  been  prepared.  It  is  at  best  but  a 
graphic  representation  of  the  facts  already  given^  and  has  the  disad- 
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FiorBE  10. — Diagrammatic  summary  of  geologic  history  of  Nulato-Councll  region. 

vantage  of  giving  an  appearance  of  finality  to  the  correlations,  some 
of  which  the  text  has  shown  to  be  founded  on  insufficient  data ;  for 
these  reasons  it  should  be  regarded  as  a  summary  and  should  not  be 
used  independently  of  the  text. 

ECONOMIC  GEOLOGY. 

In  the  preceding  description  of  the  areal  geology  of  the  region  it 
has  been  shown  that  east  of  Koyuk  River  the  country  is  formed  of 
late  sedimentary  rocks  that  are  little  if  any  metamorphosed,  whereas 
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the  region  to  the  west  of  this  stream  is  predominantly  one  of  schists, 
limestones,  and  igneous  rocks.  So  far  as  has  been  indicated  by 
mining  in  contiguous  areas  the  metamorphic  rocks  are  those  in  which 
deposits  of  gold  may  be  sought  with  some  promise  of  success,  whereas 
the  unmetamorphosed  sedimentary  rocks  are  the  ones  in  which  de- 
posits of  coal  may  be  found. 

FLACEBS. 

GOLD  IN  AREAS  OP  UNMETAMORPHOSED  SEDIMENTS. 

CONDITIONS  OF  PLACER  FORMATION. 

In  the  unmetamorphosed  sedimentary  deposits  the  chances  of  find- 
ing economically  important  gold  deposits  are  relatively  slight,  except 
under  local  conditions.  The  Cretaceous  and  Tertiary  deposits,  the 
unmetamorphosed  sediments,  were  formed  of  material  eroded  from 
the  earlier  rocks  and  deposited  on  the  sea  floor  and  in  estuaries  and 
marshes  in  essentially  the  same  way  that  sediments  are  being  de- 
posited at  the  present  day  off  the  coast.  Some  of  the  present-day 
sediments,  however,  are  auriferous,  and  it  might  be  asked  why  simi- 
lar placers  should  not  be  found  in  the  older  sedimentary  deposits. 
Gold  placers  should  occur  in  the  Nulato-Norton  Bay  region  under 
conditions  similar  to  those  prevailing  in  the  coastal  plain  at  Nome, 
but  there  are  few  places  where  similar  conditions  exist. 

In  order  to  make  clear  the  different  conditions  in  the  two  regions 
it  is  necessary  to  point  out  the  salient  facts  concerning  the  productive 
placers  of  the  coastal  plain — for  instance,  those  at  Nome.  A  discus- 
sion of  the  character  of  the  surface  of  the  bed  rocks  is  omitted  as 
not  important  in  bringing  out  the  point  of  the  following  paragraph. 

The  known  placers  are  not  more  than  3  or  4  miles  from  the  old  land 
from  which  the  sediments  were  derived ;  the  depth  of  gravel  covering 
the  bed  rock  is  seldom  over  100  feet;  the  gravel  is  as  a  whole  fairly 
coarse;  the  rich  ground  occurs  in  ancient  beaches,  which  mark  concen- 
tration by  the  sea;  and  the  country  immediately  adjacent  to  the  rich 
placer  is  heavily  mineralized.  Consider  the  physical  and  geographic 
conditions  which  these  facts  entail.  First,  the  short  distance  from 
the  ancient  shore  line  suggests  that  the  gold  did  not  travel  far  sea-, 
ward  from  the  place  where  it  might  have  been  formed.  This  is,  of 
course,  a  conclusion  which  would  have  been  reached  by  anyone  accus- 
tomed to  the  action  of  gold  in  a  sluice  box.  It  might  be  safely  assumed 
that  in  general  the  farther  from  the  source  the  less  gold  there  would 
be,  other  conditions  being  equal.  Evidence  of  the  proximity  of 
the  placer  deposits  to  the  old  land  is  shown  by  the  second  criterion, 
namely,  that  the  depth  of  gravel  is  seldom  over  100  feet.  This  con- 
dition, like  the  preceding,  is  valuable  in  establishing  the  ne^irness  of 
the  gold  to  its  source.     The  third  fact  also  is  of  value  in  further 


with  the  old  land.  This  has  be«n  proved  by  the  extension  of  the  basal 
conglomerate  from  near  the  Tubutulik  northward  along  the  east 
side  of  the  Buckland-Kiwalik  divide-  The  conglomerate  was  noted 
also  by  Mendenhall  ■'  on  the  Kobuk;  from  which  place  it  swings  south- 
eastward. It  was  recognized,  although  not  correctly  correlated,  by 
Schrader  on  the  Koyukiik  and  by  Dall,  Collier,  and  Spurr  on  the 
Yukon,  and  was  correctly  correlated  by  Maddren  on  the  Yukon  near 
the  Melozitna. 

In  tJie  belt  occupied  by  the  heavy  conglomerate  the  deposits  were 
certainly  near  enough  the  shore  to  permit  the  formation  of  placers, 
but  the  physical  conditions  under  which  this  conglomerate  was  de- 
posited do  not  seem  to  have  been  well  suited  to  the  unlocking  of  gold 
from  bed  rock.  Instead,  the  bowlders  were  riven  frran  sea  cliffs 
and  were  subjected  to  trituration  rather  than  to  decompositi<Hi  or  dis- 
integration, and  whatever  gold  may  have  been  in  the  rocks  was  so 
abraded  before  it  was  deposited  that  it  undoubtedly  formed  flour 
gold,  which  would  be  much  more  widely  disseminated  than  flake  or 
ehot  gold.  Furthermore,  over  a  considerable  part  of  the  regi<ai 
where  the  basal  conglomerate  was  seen   by   the  survey   party  the 
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ooontry  rock  forming  the  old  land  shore  line  against  which  the  sedi- 
ments were  deposited  consisted  of  limestones  and  igneous  rocks.  So 
far  as  is  known  from  a  careful  study  of  the  known  placer  camps 
farther  west,  practically  no  gold  is  found  in  the  limestones  and  none 
is  known  associated  with  the  granites  or  other  igneous  rocks.  It  will 
be  seen  therefore  that  in  the  shoreward  portion  of  the  metamorphic 
area  the  important  condition  of  near-by  highly  mineralized  country 
rock  from  which  the  sediments  were  derived  is  wanting.  It  is  be- 
lieved, therefore,  that  search  for  commercial  placers,  although  not 
entirely  out  of  the  question  in  the  conglomerate  area,  is  to  be  dis- 
couraged, unless  the  field  evidence  shows  the  existence  of  conditions 
other  than  those  generally  encountered  in  the  basal  member. 

Over  the  greater  part  of  the  Nulato-Norton  Bay  area  it  has  been 
^own  that  the  lower  member  marking  proximity  to  the  old  shore 
line  is  not  exposed.  It  seems  probable  that  through  this  part  of  the 
region  the  deposits  are  much  higher-geologically.  From  the  physical 
character  of  the  sediments  and  from  the  structures  observed,  such 
as  cross  bedding,  it  seems  certain  that  the  higher  geological  members 


FiGun  11.— Diagrammatic  cross  section  of  the  Nulato-Norton  Bay  region  during  Creta- 
ceous deposition. 

were  deposited  in  relatively  shallow  water.  This  fact,  however,  does 
not  mean  that  the  deposits  were  near  the  old  land  of  metamorphic 
rocks.  Figure  11  shows  in  diagrammatic  manner  the  conditions 
believed  to  have  prevailed  in  the  Nulato-Norton  Bay  region.  The 
metamorphic  rocks  to  the  left  in  the  figure  may  be  taken  to  represent 
the  schists  of  Seward  Peninsula,  and  those  to  the  right  the  rocks  near 
the  Melozitna ;  the  intervening  area  is  the  Nulato-Norton  Bay  region 
at  the  beginning  of  Cretaceous  deposition,  with  sea  level  indicated  by 
the  line  AA.  At  this  stage  conglomerates  were  laid  down  close  to 
the  shore  of  the  old  land  and  sandstones  and  shales  toward  the  center 
of  the  basin.  Gradually  depression  took  place  and  continued  at  such 
a  rate  that  the  surface  of  the  deposits  was  always  within  a  short  dis- 
tance of  sea  level.  It  is  evident,  therefore,  that  if  this  depression 
continued  until  the  surface  of  the  deposits  and  the  sea  level  stood  at 
the  line  BE,  no  part  east  of  C  as  far  as  D  had  ever  been  close  enough 
to  the  metamorphic  area,  which  is  assumed  to  have  been  the  source 
of  mineralization,  to  have  received  any  notable  amount  of  gold.  Con- 
sequently! in  this  part  of  the  region,  unless  subsequent  folding  ex- 
posed rocks  at  the  surface  outside  of  the  part  included  within  the 
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line  CI),  the  probability  of  finding  auriferous  deposits  is  slight,  and 
then  only  if  the  old  land  area  from  which  the  sediments  were  derived 
was  sufficiently  mineralized  to  afford  placer  gold. 

It  has  been  the  object  in  the  preceding  paragraphs  to  point  out 
that  on  the  whole  the  chances  of  finding  gold  in  the  area  of  unmeta- 
morphosed  rocks  are  slight.  From  the  fact  that  only  under  excep- 
tional conditions  are  valuable  deposits  likely  to  be  found  it  seems  that 
the  ordinary  prospector  for  gold  should  be  warned  against  spending 
much  time  in  the  region  east  of  Koyuk  River.  Not  only  does  this 
conclusion  seem  sound  from  a  theoretical  standpoint,  but  it  was 
learned  from  prospectors  on  the  Inglutalik  that  they  had  been  from 
that  river  eastward  to  beyond  the  Gisasa  and  had  not  been  able  to 
raise  a  single  color  of  gold. 

It  is  not  the  purpose  of  this  warning,  however,  to  assert  that  no 
gold  will  be  found  in  the  region,  for  there  are  three  conditions  under 
which  deposits  may  be  found.  The  first  of  these  conditions,  already 
describe<l,  is  that  the  unmetamorphosed  sediments  considered  may 
have  been  originally  deposited  at  no  great  distance  from  the  shore  of 
a  mineralized  area  of  metamorphic  rocks.  Such  deposits  might  be 
found  at  several  places,  even  in  the  middle  parts  of  the  basin,  if  sub- 
sequent deformation  brought  the  underlying  rocks  up  to  the  level  of 
erosion.  As  an  example  of  this  condition  may  be  cited  the  area  of 
metamorphic  rocks  which  appear  between  Kwik  and  Koyuk  rivers. 

The  second  condition  which  might  permit  the  formation  of  valuable 
gold  placers  in  the  Nulato-Norton  Bay  region  is  long  continued  con- 
centration of  the  material,  either  by  streams  or  bv  the  ocean.  Con- 
centration  of  this  sort  may  have  been  effected  either  during  the  time 
the  sediments  were  being  deposited  or  at  a  much  later  time.  Through- 
out the  period  occupied  by  the  deposition  of  the  sands  and  gravels 
the  region  was  apparently  undergoing  almost  uninterrupted  depres- 
sion, so  that,  although  there  was  sorting  by  water,  it  was  nowhere  9D 
effective  as  it  would  have  been  if  the  region  had  been  one  of  alternate 
erosion  and  deposition,  as  the  coastal  plain  at  Nome  has  been.  In 
other  words,  the  ancient  placers  at  Nome  seem  to  have  been  sub- 
jected to  at  least  two  periods  of  concentration,  whereas  the  deposits 
of  the  other  region  seem  to  have  undergone  but  one.  Since  consolida- 
tion, the  sandstones  and  shales  of  the  Cretaceous  have  been  eroded 
by  the  streams  and  a  present  day  concentration  is  being  effected. 
Some  of  the  reported  gold  placers  in  the  Yukon  basin  are  probably 
due  to  this  sorting,  but  they  may  have  been  formed  by  original  sorting 
before  the  consolidation  of  the  sediments,  for  little  is  known  about  the 
deposits. 

The  third  type  of  locality  where  search  for  gold  placers  or  lodes 
in  the  area  of  nonmetamorphic  rocks  would  be  warranted  is  at  those 
places  where  mineralization  has  occurred  since  Cretaceous  times. 
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Such  places  are,  so  far  as  known,  closely  associated  with  the  areas  of 
intrusive  igneous  rocks.  The  effusive  rocks  or  lavas  of  Tertiary- 
Recent  age  do  not  seem  to  have  brought  anj^^  vahiable  minerals,  and 
therefore  placers  or  lodes  due  to  post-Cretaceous  mineralization  are 
not  to  be  sought  in  those  areas  where  only  these  rocks  occur. 

Intrusive  rocks  later  than  the  Cretaceous  have  been  noted  at  but 
two  places,  although  a  more  detailed  investigation  of  the  area  un- 
doubtedly might  result  in  discovering  others.  The  two  places  where 
these  later  granitic  rocks  have  been  examined  by  the  Survey  party 
are  at  Christmas  Mountain,  east  of  Ungalik  River  and  at  Bonanza 
Creek.  From  reports  of  prospectors  it  seems  that  the  placer-bearing 
gravels  of  Anvik  River  may  have  been  derived  from  a  similar  area 
of  intrusive  granitic  rock,  although  too  little  is  known  of  the  geology 
of  the  country  to  advance  this  interpretation  more  than  tentatively. 
Spurr«  in  his  summary  of  the  occurrence  of  gold  in  southwestern 
Alaska  says : 

Tbe  ^old  in  this  region  is  by  no  means  so  nbundnnt  as  it  is  along  the  belt 
of  tbe  Yukon  geanticline,  where  the  ancient  schists  with  their  inclosed  quartz 
reins  are  found.  The  mineralization  of  southwestern  Alaska  is  of  a  later  date 
and  not  so  intense  or  widespread.  Within  the  area  examined  by  the  writer's 
party  last  summer  (1898)  the  Tordrillo  Mountains  are  undoubtedly  the  chief 
seat  of  mineralization,  and  this  appears  to  be  directly  dependent  upon  the  fact 
that  these  mountains  have  also  been  the  chief  seat  of  intrusion  of  igneous  rocks.* 

FLACEBS  OF  THE  BONANZA  CREEK  REGION. 

Bonanza  Creek  is  the  only  stream  between  the  Koyuk  and  the 
Yukon  where  placer  mining  has  been  successfully  carried  on.  This 
creek  is  only  about  a  mile  long,  but  values  have  been  found  almost 
the  entire  length  of  its  course,  and,  from  the  character  of  the  gold, 
they  seem  to  be  of  distinctly  local  origin.  Gold  was  originally  dis- 
covered and  staked  on  this  creek  in  1899  bv  Thomas  Moon  and  his 
partner.  The  absence  of  water  and  the  boom  that  the  Seward  Pen- 
insula placers  were  having  prevented  any  considerable  development 
for  the  first  few  years  on  Bonanza  Creek.  After  the  lower  claims 
had  changed  hands  several  times  they  were  bought  by  the  Nelsons, 
who  have  since  been  the  most  industrious  miners  there.  Other  miners 
have  held  ground  on  No.  2  and  No.  3  above  the  Discovery  claim,  and 
some  work  has  been  done  for  the  last  two  or  three  years.  It  is  hard 
to  realize  that  during  the  boom  days  of  this  camp  nearly  a  hundred 
men  rushed  to  the  creek,  and  several  road  houses  and  three  or  four 
saloons  were  in  operation,  for  now  the  creek  is  practically  deserted, 
and  only  four  or  five  white  men  are  living  there. 

•  Spurr,  J.  B.,  Reconnalssancp  in  southwestern  Alaska  in  1808  :  Twentieth  Ann.  Rept. 
U.  8.  Oeol.  Survey,  pt.  7,  1900,  p.  261. 

*  It  is  extremely  doubtful  if  the  Intruaivea  of  the  Tordrillo  Mountains  arc  post-Cre- 
taceous, as  the  sedimentary  rocks  they  cut  are  Jurassic  or  older. 


above  Bonanza  Creek  at  the  cabins,  but  some  gravels  have  been  found 
up  to  an  elevation  of  150  feet  above  the  stream.  The  g<Ad  on  the 
benches  is  medium  coarse  and  of  a  dark  reddish  color.  None  of  it  is 
black  gold.  Several  nuggets  were  seen  that  bad  small  pieces  of 
quartz  attached.  From  the  owners  it  was  learned  tha,t,  the  largest 
nugget  taken  from  this  creek  was  worth  about  $21.  XJie  value  of 
the  gold  is  high — that  from  the  lower  claim  being  reportpd  as  worth 
about  $19.25  an  ounce,  and  some  from  higher  up  on  the  cf«ek  and  not 
from  bench  ground  assaying  from  $19,05  to  $19.15  an  ounce. 

Concentrates  from  the  bench  ground  sliow  a  good  deal  of  magnetite 
or  black  sand.  Some  of  the  fragments  of  this  mineral  were  as  much 
as  one-fourth  of  an  inch  in  length.  Together  with  the  magnetite  ia 
also  ilmenite  or  the  oxide  of  titanium  and  iron,  which  is  nonmagnetic. 
Garnet  or  the  so-called  "  ruby  "  sand  is  practically  absent  in  all 
parts  of  the  creek.  This  was  to  be  expected,  for  none  of  the  rocks  in 
the  neighborhood  show  any  such  development  of  this  mineral  as  is 
the  case  in  the  Seward  Peninsula  placers.  Some  float  pieces  of  anti- 
mony are  occasionally  found  in  the  gravels  of  Bonanza  Creek. 

Bonanza  Creek  has  such  a  small  supply  of  water  that  the  extrac- 
tion of  the  gold  from  the  gravels  has  been  a  serious  problem.  In 
the  early  days  the  separation  was  accomplished  by  the  use  of  rockers, 
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and  even  during  the  summer  of  1900  this  method  was  still  in  use 
on  some  of  the  creek  gravels  half  a  mile  or  so  above  the  mouth  of 
the  stream.  The  discovery  of  gold  in  the  high  benches  called  for  a 
supply  of  water  at  considerable  elevation.  Ditches  except  of  such 
length  as  to  be  prohibitive  in  cost  were  not  feasible,  and  the  experi- 
ment of  pumping  water  from  Ungalik  River  was  resorted  to.  Wood 
cut  in  the  neighborhood  of  the  mines  was  used  for  fuel.  Although 
no  figures  are  available  as  to  the  cost  of  the  water  delivered  on  the 
ground,  it  seems  that  the  fact  that  this  method  was  pursued  until  the 
claiihs  were  worked  out  is  sufficient  proof  that  the  owners  were  satis- 
fied with  the  project 

The  method  of  work  was  to  make  cuts  at  intervals  at  right  angles 
to  the  trend  of  the  old  channel.  In  these  trenches  sluice  boxes  were 
placed  in  such  manner  that  their  lower  end  discharged  toward 
Bonanza  Creek.  The  abrupt  cliff  that  occurs  at  the  edge  of  the 
bench  deposit  offered  particularly  favorable  topography  for  the  dis- 
charge of  tailings  on  the  lower  ground  so  that  the  boxes  would  not 
become  choked,  and  this  was  taken  advantage  of.  The  water  pumped 
in  two  lifts  was  delivered  to  the  nozzles  on  the  bench  ground  and  the 
gravels  and  overburden  were  washed  through  the  sluice  boxes.  After 
the  gravels  had  thus  been  sluiced  off,  the  bed  rock  was  taken  up  by 
hand  and  cleaned.  In  places  three  feet  of  the  rather  angular  blocky 
slate  had  to  be  picked  up  to  recover  the  pay- values,  but  over  much  of  the 
bench  ground  it  was  necessary  to  take  up  only  from  12  to  18  inches. 

During  1909  the  last  of  the  bench  and  creek  ground  nearest  the 
mouth  of  the  creek  was  exhausted,  and  the  boiler  and  pump  were  dis- 
mantled and  put  into  condition  to  be  shipped  away ;  the  lower  claims 
may  now  be  regarded  as  worked  out.  Good  bench  placer  ground, 
however,  continued  from  the  end  line  of  the  claim,  and  the  next 
upstream  claim  undoubtedly  contains  valuable  deposits.  During  the 
early  part  of  1909  the  owner  of  this  ground  was  engaged  in  building 
a  small  ditcH  from  the  upper  part  of  Bonanza  Creek  to  bring  water 
to  this  bench.  The  small  amount  of  water  available,  however,  makes 
it  probable  that  the  operations  will  be  much  hampered.  The  bench 
ground  is  frozen,  and  either  a  strong  head  of  water  will  be  required 
to  break  down  the  gravels  or  else  the  owners  will  be  forced  to  resort 
to  thawing. 

On  the  fourth  claim  above  the  mouth  of  Bonanza  Creek  little 
work  was  accomplished  during  1909  and  that  mainly  of  a  prospecting 
character.  The  unusually  dry  season  made  this  part  of  the  stream 
practically  dry  by  the  middle  of  July,  and  the  only  gold  taken  out 
was  by  means  of  tockers.  At  this  place  specimens  of  gold  in  a  black 
graphitic  slate  were  seen.  This  occurrence  suggests  that  the  carbon, 
which  is  abundant  in  the  slates,  may  have  been  effective  in  causing  the 
deposition  of  the  gold. 


Creek,  which  ontcra  the  Ungalik  3  to  4  miles  north  of  camp  A16,  but 
no  niininff  has  been  done.  It  s^oems  probable  that  the  inaccessibility 
of  the  region  would  make  it  unprofitable  to  work  any  but  a  rather 
high  grade  phicer  at  the  prewnt  time  at  this  place. 

It  is  further  reported  that  stibnite  {antimony  sulphide)  float  has 
been  found  on  the  divide  l^etween  the  Shaktolik  and  the  Ungalik, 
about  4  miles  northeast  of  Bonanza  Creek,  on  the  slopes  of  Christmas 
Mountain.  This  mineral  was  not  found  at  this  place  by  the  Survey 
party.  Its  |)resence  wouM  indicate  that  there  has  bet*n  a  good  deal 
of  mineralization  and  wouhl  show  that  the  sulphide  mineralization 
already  noted  may  have  introduced  many  different  minerals. 

In  the  same  general  region,  but  not  definitely  associated  with  in- 
trusive igneous  rocks,  are  streams  that  are  said  to  have  some  aurifer- 
ous gravels;  llie  geology  of  these  places  is  too  indeterminate  at  the 
present  time,  however,  to  warrant  even  a  suggesiion  of  the  origin  of 
the  valuable  minerals  contained,  Garryowen  Creek,  a  tributary  of 
the  Inglutalik  heading  in  the  Ungalik  divide,  is  reported  to  yield  colors 
of  gold.  Negromoon  Creek,  which  joins  the  Inglutalik  from  the  west 
upstream  from  Garryowen,  also  shows  gold-bearing  gravels.  The 
values,  however,  on  both  these  streams  are  so  low  that  they  are  of 
no  commercial  significance  at  the  present  time  and  can  not  be  worked 
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under  existing  conditions.  No  adequate  prospecting  has  been  done 
on  any  of  these  streams,  and  it  is  therefore  impossible  to  make  even 
an  approximation  of  the  tenor  of  the  gravels. 

GOLD  PLACERS  IN  AREAS  OF  METAMORI'IIIC  ROCKS. 

DISTRIBUTION. 

As  the  metamorphic  rocks  are  older  than  the  nonmetamorphic  rocks 
they  have  been  subjected,  broadly  speaking,  to  at  least  the  same  num- 
ber of  periods  of  mineralization  as  the  latter  plus  whatever  number 
occurred  before  the  laying  down  of  the  Cretaceous  sediments.  It 
is,  of  course,  realized  that  mineralization  may  be  distinctly  local  and 
may  affect  one  region  and  not  another,  and  it  is  not  intended  to  assert 
that  the  richness  of  a  region  is  necessarily  dependent  upon  the  num- 
ber of  periods  of  mineralization  it  has  imdergone,  although,  according 
to  the  law  of  chances,  such  a  generalization  is  sound.  This  view 
receives  corroborative  support  from  the  field  evidence,  for  in  most 
of  the  Seward  Peninsula  placer  regions  there  were  at  least  two  periods 
of  vein  formation,  during  each  of  which  gold  lodes  were  made,  whereas 
in  the  area  of  unmetamorphosed  sediments  only  one  period  has  been 
recognized. 

Valuable  gold  deposits  have  been  mined  most  extensively  in  Seward 
Peninsula  where  the  metamorphic  rocks  are  most  abundant,  and  it 
Is  believed  that  regions  underlain  by  them  are  the  most  promising 
areas  in  which  to  prospect  for  new  placers.  In  general,  the  richest 
placer  areas  are  near  the  contacts  between  the  heavy  overlying  older 
limestones  and  the  underlying  quartz  chlorite  schists.  So  far  as 
known,  the  intrusive  igneous  rocks  older  than  the  Cretaceous  are  not 
auriferous,  and  neither  are  the  more  recent  lava  flows.  Therefore, 
areas  deriving  their  surficial  deposits  from  such  rocks  are  not  likely 
to  afford  valuable  placers. 

Several  of  the  various  placer  camps  located  w^ithin  the  area  covered 
by  the  map  of  southeastern  Seward  Peninsula  were  not  visited  during 
1909.  It  has  been  thought  desirable,  however,  to  summarize  the 
investigations  made  during  previous  years  in  order  to  gain  a  more 
comprehensive  idea  of  the  mineral  industry  as  a  whole,  rather  than 
to  omit  districts  so  important  as  Council  and  Bluff  simply  because 
they  have  been  already  described.  Consequently,  to  complete  this 
part  of  the  report  it  is  necessary  to  refer  to  the  published  reports  of 
Brooks,  Moffit,  Collier,  and  others.  In  the  treatment  of  the  gold 
placers  of  the  areas  of  metamorphic  rocks  a  geographic  order  will 
be  adopted.  The  placer  deposits  of  a  single  river  basin  will  be  treated 
from  the  mouth  toward  the  head  of  the  stream.  The  various  river 
basins  tributary  to  Norton  Sound  will  be  described  from  east  to  .west, 
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beginning  with  the  Koyuk,  and  then  will  follow  descriptions  of 
the  various  basins  emptying  into  Kotzebue  Soimd  from  BuckUnd 
River  westward. 


In  the  Koyuk  Basin  no  gold  placers  are  now  being  mined  and  com- 
mercial mining  has  been  done  in  but  few  plaoes  in  the  past.    Colors 
of  gold  have  been  found  on  many  of  the  streams  and  many  attempts 
at  mining  have  been  made  in  the  region,  but  so  far  without  sufficiently 
encouraging  returns  to  keep  a  permanent  force  on  any  of  the  streams. 
About  a  mile  west  of  camp  B17,  at  the  mouth  of  the  Koyuk^  there 
isablack  limyschist  and  limestone  tliat  occurs  east  of  a  lighter-colored 
schist,  the  dip  of  both  be- 
ing   practically    vertical. 
^  On  the  beach  at  this  place 

and  extending  for  a  con- 
siderable distance  both 
east  and  west,  are  many 
"^  large  angular  pieces  of 
^  quartz  float  that  suggest 
vein  material.  Pans  ■  of 
broken-up  material  from 
the  schists  near  this  place 
^ow  a  number  of  very 
small  colors  of  worn  placer 
gold.  FrcMn  a  prospector 
living  near  the  place  it 

?        ! J  Milts     was   learned   that    1-cent 

map  oi  Alameda  Creek.  pans  bad  been  found,  but 

the  small  returns  were  not 


J       I 


sufficiently  encouraging  to  warrant  any  considerable  expenditures  of 
either  time  or  money. 

Alameda  Creek,  a  small  tributary  to  the  Koyuk  from  the  west, 
joining  the  river  a  short  distance  below  the  mouth  of  East  Fork,  was 
visited  in  the  early  part  of  August,  Although  no  active  work  was 
in  progress  the  problems  that  have  been  raised  by  earlier  prospecting 
are  such  as  to  attract  the  attention  of  the  geologist.  Figure  12  shows 
the  headward  portion  of  this  stream  with  the  location  of  the  dif- 
ferent prospect  lioles  that  have  been  sunk.  Tlie  elevations  are  only 
approximate,  as  the  weather  was  so  changeable  that  an  aneroid  was 
of  no  assistance. 

At  locality  9AS109  south  of  Alameda  Creek  a  shaft  192  feet  deep 
was  sunk  all  the  way  through  well-rounded,  predominantly  quartz 
gravel.  The  upper  part  of  tlie  gravel  is  whitish,  with  black  quartz- 
ite  pebbles  and  some  glassy  lava;  not  many  pebbles  of  the  latter 
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material  were  found.  Midway  in  the  shaft  the  gravels  are  more  yel- 
lowish and  more  iron  stained  than  in  the  upper  part.  In  the  lower 
part  of  the  hole  the  fine  material  is  of  a  greenish-white  color  but  is 
otherwise  similar  to  that  above.  On  reaching  a  depth  of  192  feet 
the  miners  were  forced  to  abandon  the  shaft,  as  they  encountered  a 
great  deal  of  water.  This  condition  suggests  that  they  were  ap- 
proaching bed  rock.  This  conclusion  receives  some  support  from  the 
fact  that  in  the  bottom  of  the  shaft  pieces  of  ancient  lava,  probably 
the  country  rock  here,  became  more  numerous. 

It  is  reported  that  in  the  general  gravel  section  cut  by  the  shaft  a 
few'  thin  sedimentary  layers  ^ere  found  that  gave  fairly  good  pros- 
pects. A  pan  of  the  gravel  itom  the  dump  which  was  said  to  have 
come  from  near  the  top  of  the  shaft  gave  two  small  colors.  Samples 
from  the  gravels  said  to  be  near  the  bottom  of  the  shaft  showed  also 
minute  specks  of  gold.  In  the  concentrates  from  the  same  part  of 
the  section  there  was  a  good  deal  of  black  sand,  but  garnet  was  prac- 
tically absent.  A  good  many  pieces  of  undecomposed  sulphides  were 
also  recognized  in  the  concentrates.  Within  100  feet  of  the  shaft 
a  pan  from  the  surface  gravels  directly  under  the  grass  roots  showed 
several  bright  colors  of  gold,  some  magnetite  sand,  and  ilmenite. 

Nearly  due  east  of  the  last  locality  and  at  an  elevation  about  100 
feet  higher  another  shaft  has  been  sunk  (locality  9AS112).  The 
depth  of  the  shaft  is  somewhat  over  70  feet  and  it  has  not  reached 
bed  rock.  The  material  on  the  dump  consisted  mainly  of  well- 
washed  white  quartz  gravel,  with  some  pebbles  of  black  quartzite 
and  "red  lava.  Twenty-five  feet  east  of  this  hole  and  at  a  slightly 
higher  elevation  a  shaft  had  been  sunk  45  feet  without  reaching  bed 
rock.  The  material  on  the  dump  at  this  shaft  was  more  sandy  and 
the  pebbles  Were  smaller  than  at  the  shaft  at  locality  9AS112. 

Northward'  down  the  slope  at  locality  9AS113  another  shallow 
shaft  has  been  put  down.  It  was  only  about  15  to  20  feet  deep,  and 
in  it  no  gravel  at  all  was  reported. 

On  a  low  bench  on  the  south  side  of  Alameda  Creek,  at  an  eleva- 
tion of  less  than  10  feet  above  the  water,  there  is  a  caved  shaft  (locality 
9AS110).  This  was  originally  32  feet  deep  and  reached  bed  rock, 
which  belonged  to  the  group  of  ancient  igneous  rocks.  There  was 
a  great  deal  of  well-rounded  quartz  gravel,  but  as  a  whole  the  mate- 
rial on  the  dump  w^as  much  darker  than  at  locality  9AS109,  and 
there  was  a  much  greater  proportion  of  lava  fragments.  The  pros- 
pectors who  sunk  this  shaft  reported  that  the  values  were  found 
entirely  on  bed  rock  and  that  the  lower  gravel  went  about  1  cent  to 
the  pan.  Upstream  from  this  shaft  the  present  gravels  of  Alameda 
Creek. are  reported  to  carry  no  gold,  whereas  northeast,  or  down- 
stream, the  creek  gravels  yield  about  7  cents  to  the  10-pan  bucket. 
A  mile  and  a  half  downstream,  however,  even  this  amount  of  gold 


Forly-five  and  sixly-five  puces  wewt  of  lociility  9AS111  were  two 
other  prospect  pits  at  a  sliglitly  lower  elevation  than  the  one  last 
described.  The  western  one  sliowed  undoubted  gravel  on  the  dump, 
sonic  of  the  pebbles  being  3  to  4  inclios  in  diameter.  There  were 
very  few  white  quartz  [X'bblcs.  the  greater  number  being  of  black 
quartzite.  Tliere  seems  to  be  little  room  to  doubt  that  tliis  is  a  por- 
tion of  Hie  same  deposit  encountered  in  the  deep  shaft  at  locality 
!)ASlO!l.  It  is  unfortunate  that  the  depth  to  bed  rock  has  not  been 
determined  at  the  two  places,  for  it  might  afford  information  either 
as  to  the  direction  of  the  old  drainage  or  as  to  the  amount  of  de- 
formation since  the  cutting  of  the  channel. 

On  the  broadly  open  saddle,  li  miles  southwest  of  locality  9AS100, 
quartz  gravel  is  reported  to  be  abundant,  and  it  is  believed  that  this 
low  pass  may  mark  the  southern  continuation  of  this  channel.  On 
this  assumption  a  party  of  three  or  four  men  was  engaged  in  pros- 
pecting during  the  winter  of  1!)0!)-10.  From  a  recent  letter  it  seems 
that  little  was  accomplished  at  this  place  during  the  winter,  and 
although  seven  holes  from  18  to  2i  feet  deep  were  sunk  their  location 
is  not  sufficiently  explicit  to  show  the  relation  to  the  surrounding 
topography.  It  was  stated,  however,  that  they  found  but  little  of 
the  well-rounded  wash  noted  at  locality  OASlOi).     In  several  of  these 
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holes  colors  of  gold  were  found,  but  apparently  not  enough  to  war- 
rant further  prospecting.  It  should  be  pomted  out,  however,  that 
even  if  this  be  the  old  course  of  the  valley  it  does  not  follow  that  the 
gravels  will  be  commercially  valuable,  for,  as  has  already  been  noted, 
so  far  as  prospected  the  gravels  in  the  deep  hole  on  Alameda  Creek 
are  not  sufficiently  gold  bearing  to  be  mined  at  the  present  time. 

Not  enough  facts  are  yet  available  for  more  than  a  tentative  inter- 
pretation of  the  conditions  under  which  the  old  channel  was  formed. 
It  is  evident  from  the  presence  of  lava  in  the  gravels  of  the  channel 
filling  that  the  channel  was  carved  and  occupied  by  a  stream  later 
than  the  effusion  of  the  recent  lava.  It  seems  probable  that  a  rear- 
rangement of  drainage  may  have  resulted  from  the  extrusion  of  the 
tongue  of  lava  which  occupied  the  low  country  between  Koyuk  and 
Buckland  rivers  and  flowed  down  the  present  Koyuk  Valley  below 
East  Fork.  This  may  have  resulted  in  turning  the  lower  part  of  the 
Koyuk  out  of  its  former  course  and  allowing  it  to  cut  its  gorge. 
After  the  gorge  had  been  eroded,  either  by  change  in  the  relation 
of  the  land  with  respect  to  sea  level  or  by  capturing,  the  old  valley 
was  filled  and  the  stream  was  so  diverted  that  it  took  up  a  course 
parallel  with  the  tongue  of  lava  that  flowed  down  the  Koyuk  Valley. 
It  eroded  the  lava,  thus  etching  out  and  uncovering  its  former  valley, 
in  which  it  now  flows. 

In  regard  to  the  origin  of  the  gold  found  in  the  old  valley  gravels 
there  is  some  question.  Alameda  Creek  is  near  the  area  of  meta- 
morphic  rocks,  and  the  presence  of  a  great  number  of  pebbles  of  vein 
quartz  in  the  gravels  suggests  that  they  at  least  have  been  derived 
from  the  quartz  stringers  in  this  series.  If  this  vein  quartz  has  been 
derived  from  this  source  there  is  a  strong  presumption  that  the  gold 
has  also  come  from  the  same  place.  On  the  other  hand,  it  should 
be  noted  that  there  are  indications  that  some  of  the  ancient  lava 
is  mineralized.  A  shallow  prospect  pit  has  been  sunk  on  a  ledge  of 
amygdaloidal  trap  outcropping  on  the  divide  between  the  Koyuk  and 
Alameda  Creek  at  A,  on  figure  12.  Assays  made  at  N<Mne  of  material 
from  this  pit  are  reported  to  have  given  as  high  as  $3.72  in  gold  per 
ton.  The  rock  shows  no  macroscopic  mineralization,  and  considerable 
doubt  is  felt  of  the  accuracy  of  this  determination. 

Kenwood  Creek,  which  enters  the  Koyuk  from  the  south  above 
East  Fork,  has  been  prospected  near  the  head,  as  already  noted,  and 
a  little  work  has  been  done  also  on  the  lower  part.  Two  prospectors, 
who  were  reported  to  have  found  good  prospects  at  this  place  several 
years  ago,  went  to  the  lower  part  of  Kenwood  Creek  during  the 
summer  of  1909.  The  low  water  prevented  their  getting  upstream 
far  enough  with  their  boat  and  they  returned.  It  is  probable,  how- 
ever, that  bed  rock  through  the  lower  part  of  the  creek  is  deep  and 
difficulty  with  water  will  be  experienced. 

714e9**— Bun.  449—11 ^8 


114  RECONNAISSANCE   IN   SEWA&D   PENINSULA  AND 

On  Willow  Creek,  which  enters  the  Koyuk  from  the  south  above 
Kenwood  Creek,  there  are  signs  of  former  prospecting,  but  the  stream 
is  now  deserted.  McPherson  says  that  at  the  time  of  his  visit  (1907) 
location  notices  were  seen,  which  showed  that  the  prospecting  had 
been  done  about  five  years  before. 

Peace  River  is  one  of  the  northern  tributaries  of  the  Koyuk  west 
of  East  Fork.  About  12  miles  above  the  mouth  it  forks,  and  near 
this  place  some  prospecting  was  done  during  the  winter  of  1908.  Two 
shafts  were  put  down  on  the  east  bank  of  the  river,  but  they  were  so 
badly  caved  that  only  the  upper  3  feet  or  so  was  visible.  This  part 
of  the  section  shows  brown,  irregularly  bedded  sands  of  even  texture, 
having  in  general  a  dip  toward  the  west — ^that  is,  toward  the  stream. 
The  material  on  the  dump  is  fairly  well-rounded  river  wash,  consist- 
ing almost  entirely  of  igneous  rocks  with  some  red,  iron-stained  gravel 
of  the  same  nature.  The  eastern  of  the  two  holes  was  probably  not 
more  than  15  feet  deep,  but  the  other  may  have  been  25  feet  deep. 
Some  material  put  aside  as  though  it  were  the  pay  gravel  was  a 
greenish-brown  sand. 

About  100  yards  east  of  this  place  and  on  a  slightly  higher  bench 
there  is  another  shaft  now  filled  with  water.  This  pit  was  probably 
not  more  than  5  or  10  feet  deep.  From  the  material  on  the  dump  it 
appeared  that  the  gravel  is  not  so  well  rounded  and  there  is  much 
more  mud  mixed  with  the  sand.  The  upper  2  or  3  feet,  which 
was  the  only  part  visible,  instead  of  consisting  of  sands  as  in  the 
western  holes,  was  entirely  formed  of  muck.  From  prospectors  it 
was  learned  later  in  the  season  that  some  gold  had  been  found  in 
these  holes,  but  not  enough  to  warrant  further  exploitation.  It  was 
currently  reported  that  one  piece  of  gold  found  there  was  worth 
4  cents,  but  this  was  the  largest  piece.  The  presence  of  gold  at  this 
place  suggests  the  possibility  of  some  of  tlie  ancient  lavas  having 
been  more  or  less  mineralized,  but  the  evidence  is  not  sufliciently 
definite  to  preclude  other  sources  of  origin. 

Mendenhall  notes  that  in  1900  Big  Bar  Creek  had  been  prospected 
and  a  mining  district  established  there.  He  was  unable  to  learn  the 
success  of  the  operations,  but  the  fact  that  in  1903,  when  this  region 
was  visited  by  Moffit,  no  work  was  in  progress  and  the  creek  was 
deserted  shows  that  the  gold  tenor  of  the  gravels  must  have  been  too 
low  to  make  mining  profitable. 

A  tributary  creek  farther  up  stream  and  heading  in  the  hills  near 
the  low  pass  into  Death  Valley  and  the  upper  part  of  the  Koynk 
basin  is  mentioned  by  Mendenhall  as  follows: " 

Just  above  the  camp  of  September  5  another  tributary  enters  from  the  south 
carrying  only  schistose  pebbles.  These,  however,  are  very  calcareous.  Most 
of  the  streams  which  enter  the  upper  course  of  the  river  from  the  north  lie 
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without  the  lava  belt,  but  the  schists  here  have  not  the  aspect  of  the  gold- 
bearing  members.  At  Gheenlk  in  the  fall  we  met  prospectors  who  had  been  up 
the  river  and  reported  finding  colors  all  along  its  course. 

MofBt  in  1903  reported  no  mining  in  this  part  of  the  river  basin, 
and  no  signs  of  recent  \fork  were  seen  by  the  party  in  1909. 

KWIK  RIYEB  BASIN. 

No  mining  was  in  progress  during  1909  on  any  of  the  streams  in  the 
Kwik  River  basin,  and  so  far  as  could  be  learned  little  or  no  prospect- 
ing has  been  done  in  the  past  in  this  area.  On  the  head  of  Quartz 
Creek,  about  3  or  4  miles  east  of  camp  C3,  there  were  some  old  claim 
shakes  and  some  sluicing  had  been  done  several  years  ago.  McPher- 
8on,  who  visited  this  region  in  1907,  noted  that  he  found  location 
notices  of  about  five  years  previous  date  on  this  creek. 

TITBUTTTLZK  BZYER  BABIV. 

During  the  time  that  the  survey  party  of  1909  was  in  the  vicinity 
of  the  Tubutulik  no  prospectors  were  seen  and  no  evidence  of  any 
recent  mining  was  observed.  Practically  the  only  thing  that  is 
known  about  the  mining  in  the  basin  is  furnished  by  the  report  of 
Mendenhall,<»  in  which  the  following  statements  are  made : 

This  stream,  while  farther  from  the  known  productive  districts  than  the 
Fish,  was  the  object  of  considerable  attention  during  the  season  of  1900.  The 
surface  gravels  of  the  river  bars  gave  colors  quite  as  heavj'  as  those  on  Fish 
River,  wherever  a  pan  was  washed  out — ^at  least  as  far  up  as  the  granite 
area.  We  had  no  reports  from  the  head  of  this  stream  and  did  not  have  an 
opportunity  to  examine  it  ourselves,  but  the  area  drained  by  it  is  not  par- 
ticularly promising.  Mr.  C.  C.  Alexander  and  members  of  his  party,  who  had 
been  prospecting  on  Chukajak  and  Vulcan  creeks  during  the  fall  of  1809  and 
the  summer  of  1900,  report  the  finding  of  coarse  gold  early  in  their  work  on  the 
fonner  stream,  but  more  thorough  development  did  not  fulfill  the  promise  of 
this  first  find.  Reports  of  favorable  prospects  here  bad,  however,  reached 
Golofnin  Bay  and  Nome,  and  a  small  stampede  toward  the  Tubutulik  resulted. 
AVhen  we  left  the  river,  late  in  August,  many  outfits  were  reaching  the  field. 
Reports  toward  the  end  of  September  did  not  tend  to  confirm  the  earlier  ac- 
counts of  rich  strikes  there. . 

It  was  reported  that  some  mining  was  done  several  years  ago  on  the 
next  stream  above  Lost  Creek.  According  to  Mendenhall  the  name 
of  this  creek  was  Admiral,  but  the  claims  were  described  as  on  Camp 
Creek.  It  seems  probable  that  the  two  names  are  applied  to  the 
same  stream,  but  which  is  correct  could  not  be  determined.  From 
the  character  of  the  bed  rock  near  this  stream  it  would  appear  that 
the  geology  is  complex  and  that  the  older  schists  form  the  lower  part 
of  the  valleys,  so  that  it  is  presumed  the  gold  was  derived  from  them. 
Placer  mining  on  Camp  Creek  was  carried  on  by  means  of  horse 
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scrapers,  but  the  absence  of  any  recent  work  in  the  vicinity  seemed  to 
show  that  the  returns  were  not  satisfactory.  From  the  strong  evi- 
dence of  glaciation  of  the  valley  type  in  many  of  the  streams  head- 
ing in  the  Darby  Range  and  entering  the  Tubutulik  from  the  west 
it  seems  unlikely  that  any  rich  placers  will  be  found  in  that  part  of 
the  basin.  The  eastern  boundary  of  the  basin  in  the  southern  part 
is  formed  of  the  Ungalik  conglomerate  so  that  strong  mineralization 
is  not  to  be  expected  from  it.  Farther  north  the  eastern  part  of  the 
Tubutulik  divide  is  formed  of  the  Paleozoic  limestones,  and  these  are 
not  promising  rocks  from  which  to  derive  placers.  It  is  felt,  there- 
fore, that  a  large  part  of  this  drainage  basin  is  not  particularly 
favorable  for  commercially  important  placers. 

KwnmrK  rtvex  basiv. 

Practically  the  whole  of  Kwiniuk  River  and  its  tributaries  flow  in 
valleys  carved  in  the  igneous  rocks  that  make  up  the  Darby  Range. 
So  far  as  is  known  these  rocks  are  but  slightly  mineralized.  Conse- 
quently there  is  but  little  chance  that  the  detritus  worn  from  these 
rocks  would  iorm  valuable  placer  deposits.  In  the  lower  part  of 
the  course,  where  the  bed  rock  is  heavily  covered  by  unconsolidated 
deposits,  the  character  of  the  country  rock  is  not  evident,  and  the 
more  mineralized  schists  may  occur.  If  this  is  the  case,  there  is  scxne 
possibility,  where  concentration  has  been  effective,  that  placers  may 
be  discovered.  The  depths  of  covering  and  the  question  of  handling 
water  would  make  the  development  of  such  placers  difficult, 

nSK  UTER  BABZV. 
MAIN   STREAM. 

The  main  Fish  River  basin  has  not  been  important  as  a  placer  dis- 
trict, although  the  tributaries  of  the  Niukluk,  its  longest  western 
branch,  have  produced  more  gold  than  those  of  all  the  rest  of  the 
region.  The  name  of  the  principal  town,  Council,  will  be  used  to 
designate  this  placer  region  in  order  to  distinguish  it  from  the  rest 
of  the  Fish  River  basin.  According  to  Mendenhall  *  Fish  River 
carries  gold  from  its  mouth  to  the  northern  end  of  the  gorge. 
Throughout  the  lower  part  of  the  river  the  colors  are  very  light, 
but  they  become  heavier  in  the  constricted  part  of  the  valley,  where 
the  stream  crosses  the  belt  of  limestones  and  schists.  Opposite  the 
mouth  of  Anaconda  Creek,  as  the  lower  part  of  Pargon  River  is 
called,  pans  taken  frcwtn  the  broken  rim  rock  yielded  from  one-half  a 
cent  to  1  cent  each.  According  to  the  same  author  prospectors  found 
nothing  in  the  upper  flats  of  Fish  River,  and  so  far  as  reported  the 
streams  flowing  out  of  the  mountains  to  the  north  do  not  yield  colors. 

•Mendenhall,  W.  C.  op.  cit.,  p.  212. 
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From  the  geologic  description  of  the  northern  and  eastern  part  of 
the  Fish  River  basin  it  is  seen  that  the  rocks  are  schists  and  lime- 
stones, which  appear  to  be  the  same  as  the  rocks  in  some  of  the  placer 
regions,  except  that  the  schists  contain  much  greater  quantities  of 
biotite.  Veins  are  equally  abundant  in  both  types,  and  it  is  believed 
that  the  absence  of  placers  may  be  explained  in  part  by  the  valley 
glaciation  that  has  scoured  out  the  water-sorted  deposits  from  most 
of  the  valleys  heading  in  the  Bendeleben  and  Darby  mountains. 
This  process  has  scattered  the  deposits,  which  may  have  existed  in  the 
valleys  prior  to  this  erosion.  Information  on  the  subject  is  still  too 
meagre  to  allow  a  final  judgment  as  to  the  reason  for  the  absence  of 
placers  in  this  part  of  the  basin,  but  it -is  believed  that  the  physical 
history  rather  than  the  lithologic  character  is  responsible  for  the 
apparent  absence  of  placers. 

COUNCIL  REGION. 

Placer  gold  has  long  been  known  in  the  region  around  Council,  for 
it  was  reported  by  members  of  the  Western  Union  Telegraph  Expedi- 
tion in  1865,  and  in  1892  John  Dexter  is  said  to  have  notified  mem- 
bers of  the  silver-lead  mining  company  that  he  had  found  gold  there. 
It  was  not  until  1896-97,  however,  that  the  discovery  of  Ophir  Creek, 
the  richest  one  in  the  Council  district,  was  made  by  Mordant,  Mel- 
sing,  Libby,  and  Nelson.  Although,  apparently,  gold  was  found  at 
that  time,  it  was  not  until  the  spring  of  1898  that  the  district  was 
organized  and  active  placer  mining  begun.  So  valuable  have  the 
placers  turned  out  that  in  1903  Collier  estimated  that  the  gold  output 
up  to  that  year  was  between  $5,000,000  and  $6,000,000.*  Since  that 
time  $2,000,000  to  $3,000,000  more  has  been  taken  out,  so  th^t  this 
camp  has  been  second  in  production  to  that  of  Nome. 

The  productive  creeks  in  this  so-called  Council  region  from  south- 
east to  west  are  Fox,  Mystery,  Melsing,  Ophir,  Goldbottom,  Camp,  and 
Elkhom  creeks.  All  except  Fox  Creek  are  tributaries  of  the  Niukluk, 
and  Fox  Creek  joins  Fish  River  less  than  4  miles  below  the  Niukluk. 

Fox  Creek  has  never  been  a  rich  creek.  The  only  valuable  ground 
was  on  a  small  tributary  known  as  I.  X.  L.  Gulch,  and  on  the  main 
\  alley  at  the  mouth  of  this  stream.  At  this  place,  according  to 
Collier,*  about  2  ounces  of  gold  were  taken  from  about  4  cubic  yards 
of  pay  dirt.  A  little  prospecting  has  been  done  here  in  every  year 
since  1906,  but  the  production  is  practically  negligible. 

Collier*^  reported  that  on  Mystery  Creek,  1  mile  from  its  mouth, 
$6  to  $8  nuggets  have  been  found.     Part  of  the  gold  was  bright  and 

•  Collier,  A.  J.,  and  others.  Tlie  gold  placers  of  parts  of  Seward  Peninsula,  Alaska : 
Bull.  U.  S.  Geol.  Survey  No.  328.  1908,  p.  236. 

» Idem,  pp.  237-238. 

*  Idem,  p.  240.' 


Creek  below  Basin  Creek.  In  li)07  a  steam  scraper  was  built  at 
the  moutli  of  Melting  Creek,  but  delays  in  building  prevented  its 
running  full  time.  Work  still  continued  near  the  mouth  of  Basin 
Creek  and  a  sliort  distance  down  stream.  During  1908  and  1909 
work  was  continued  on  about  the  same  scale  and  at  the  same  places 
as  in  the  past,  and,  in  addition,  during  the  last-mentioned  year,  some 
mining  was  done  on  the  lower  part  of  Basin  Creek.  The  operations 
were,  howeier,  on  a  small  scale  and  the  production  was  slight. 

Ophir  Creek  is  the  most  important  gold  producer  in  the  Council 
region.  By  1903,  according  to  Collier,  the  entire  creek  had  been 
prospected,  and  during  that  year  1,000  men  were  at  work  on  the  main 
Rtream  and  its  tributaries.  Gradually  the  number  of  men  employed 
has  decreased,  but  this  has  been  due  in  part  to  the  replacement  of 
hand  labor  by  mining  machinery.  Some  mining  was  done  in  1903  - 
at  the  mouth  of  this  stream  in  the  Niukluk  River  flats.  These  gravels 
are  estimated  to  carry  fi-om  50  cents  to  $1  a  yard  in  bri^t,  nearly 
flour,  gold.  Concentrates  show  much  magnetite  and  garnet,  with 
.smaller  quantities  of  pyrite  and  ilmenite.     This  deposit  was  developed 
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by  a  steam  dredge  with  an  estimated  capacity  of  about  3,000  cubic 
yards  per  day.  Bed  rock  is  rather  deep  and  the  difficulty  of  handling 
the  water  makes  mining  expensive.  According  to  Collier,  the  gold 
has  been  derived  not  only  from  Ophir  Creek,  but  also  from  the  other 
streams.  ^ 

Farther  up  Ophir  Creek  the  gold  becomes  coarser  and  the  values 
per  cubic  yard  are  higher.  After  a  short  experiment  on  the  ground 
near  the  mouth  of  Ophir  Creek  already  described  the  dredge  was 
moved  upstream  and  has  been  in  successful  operation  ever  since.  In 
an  account  of  this  dredge  recently  published  by  Rickard"  it  is 
shown  that  the  average  cost  is  32  cents  a  yard  and  the  average  gold 
tenor  of  the  gravels  worked  is  84  cents  a  yard.  The  low  value  per 
yard  is  in  part  due  to  the  fact  that  some  of  the  ground  had  been 
worked  before  by  more  primitive  methods. 

Next  upstream  on  Ophir  Creek  from  the  dredge,  hydraulic  mining 
has  been  tried  and  some  good  placer  has  been  uncovered.  The 
ground  mined  is  now  mainly  on  a  low  bench,  but  in  the  past  the 
creek  gravels  have  been  worked  by  pick-and-shovel  methods  with 
satisfactory  results.  Still  farther  upstream  and  only  a  short  dis- 
tance below  Sweetcake  Creek  is  the  Discovery  claim.  It  has  been 
worked  for  several  years  but  was  finally  exhausted  by  the  use  of 
hydraulic  elevators.  The  values  were  in  fairly  coarse  gold  of  a 
bright  color.  This  claim  was  probably  the  second  richest  on  the 
entire  creek  and  it  is  reported  that  $1,000,000  was  taken  from  it. 

Sweetcake  Creek  was  staked  in  1898  and  was  the  scene  of  probably 
the  first  successful  placer  mining  in  the  precinct,  it  being  reported  ^ 
that  $36,000  were  taken  from  one  claim  that  year.  The  only  produc- 
tive claims  are  on  the  lower  part  of  this  stream;  they  were  notable 
contributors  in  the  early  days  of  the  camp,  although  since  1903  little 
gold  has  been  won  from  them.  Some  of  the  gold  was  angular  and 
showed  quartz  attached. 

Little  of  value  has  been  found  on  the  main  stream  for  nearly  1 
mile  above  Sweetcake  Creek.  At  this  place,  however,  there  is  creek 
and  bench  ground  that  has  been  very  rich.  Pick-and-shovel  methods 
were  used  even  in  the  early  days  and  in  1907  an  unsuccessful  attempt 
was  made  to  use  a  dry-land  dredge,  which  was  followed  by  the  suc- 
cessful use  of  a  derrick  and  horse  scrapers.  The  pay  streak  in  the 
creek  was  from  100  to  200  feet  wide.  The  bench  gravel  near  this 
place,  according  to  Collier,  was  not  well  sorted.^  The  pay  streak 
is  said  to  run  10  to  15  cents  a  pan.  One  nugget  worth  $3.75  is  re- 
ported by  Collier  to  have  been  found  here,  but  nearly  all  the  gold  is 
fine  and  flaky. 

•  Rickard,  T.  A.,  Dredging  on  Seward  Peninsula :  Min.  and  Sci.  Press,  vol.  97,  1908, 
pp.  234-240. 

•  ColUer,  A.  J.,  and  others,  op.  cit.,  pp.  250-251. 

•  Idem,  p.  245. 
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From  this  place  nearly  to  the  mouth  of  Dutch  Creek  the  Ophir 
Creek  gravels  and  benches  have  yielded  probably  nearly  $750,000  in 
gold.  In  the  central  portion  of  this  part  of  the  valley  tiie  presence 
of  limestone  bedrock  allows  a  large  portion  of  the  water  to  flow  in 
subterranean  /channels  and  it  is  notable  that  the  quantity  of  gold  in 
the  gravels  decreases  also.  At  the  mouth  of  Dutch  Creek  the  richest 
claim  in  the  whole  Ophir  Creek  basin  was  located,  and,  although  now 
exhausted,  this  claim  and  the  claim  next  below  probably  produced 
nearly  a  quarter  of  the  gold  won  in  the  entire  Council  region.  Much 
of  the  gold  seems  to  have  been  of  local  origin,  as  pieces  with  quartz 
attached  were  by  no  means  uncommon.  On  Dutch  Creek  little  has 
been  done  and  then  only  on  the  lower  claims  adjacent  to  Ophir 
Creek.     Values  are  reported  both  in  the  creek  and  bench  gravels. 

Above  Dutch  Creek  the  values  in  Ophir  Creek  suddenly  decrease 
and  then  gradually  increase  toward  the  northwest  to  within  a  mile 
or  so  of  Crooked  Creek.  All  of  the  claims  between  these  two  side 
streams  have  been  mined  to  some  extent.  A  mile  and  a  half  above 
Dutch  Creek,  according  to  Collier,*  excavations  show  from  5  to  14 
feet  of  gold-bearing  gravel  resting  upon  broken  limestone  bedrock, 
and  three- fourths  of  a  mile  to  the  north  6  feet  of  sand  and  muck  rest 
upon  about  12  feet  of  gravel  of  which  the  upper  2  or  3  feet  carry  very 
little  gold. 

In  1903  the  only  other  work  done  on  Ophir  Creek  was  near  the 
mouth  of  Crooked  Creek.  "  Here  terrace  gravels  on  the  left  bank 
were  being  exploited.  The  bedrock  of  the  deposit  is  probably  little 
above  the  present  creek.  A  section  showed  2  or  3  feet  of  muck  over- 
lying 5  or  i\  feet  of  gravel  which  rested  on  calcareous  schist."  ^  No 
work  was  in  progi^ess  during  190G,  but  near  tliis  place  during  1908 
and  1909  a  small  dredge  was  installed  and  according  to  local  reports 
was  giving  satisfaction  in  handling  creek  gravels. 

Crooked  Creek  has  lx*en  one  of  the  richest  tributaries  of  Ophir 
Creek.  Collier  noted  that  in  1903  more  men  were  employed  there 
than  on  any  one  of  the  other  side  streams.  Near  the  junction  of  this 
stream  with  Ophir  Creek  the  pay  streak  is  about  250  feet  wide,  but 
it  narrows  rapidly  upstream.  According  to  Collier,^  the  pay  streak 
is  reported  to  have  been  about  0  feet  thick.  The  gold  tenor  of  the 
gravels  mined  is  estimated  at  $4.50  to  the  cubic  yard.  The  gold  is 
comparatively  coarse  and  the  pieces  well  rounded.  Some  are  bright 
and  others  are  iron  stained.  In  the  sluice  boxes  are  found  heaw  con- 
centrates  consisting  principally  of  garnet  and  magnetite,  but  includ- 
ing some  topaz.  Above  the  lower  claim  the  pay  streak  is,  in  the  main, 
not  more  than  20  feet  wide  and  the  bedrock  is  a  schistose  limestone. 


«  Idem.  p.  1*41). 

''Collier.  A.  J.,  and  others,  op.  oit..  p.  250. 

<•  Idem,  p.  252. 
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Balm  of  Gilead  Gulch,  which  enters  Crooked  Creek  from  the  south- 
west, had  gold  "  from  the  surface  down,  but  is  richest  in  the  crevices 
of  the  limestone.  The  gold  is  rough  and  angular,  with  sharp  cor- 
ners,"® and  is  undoubtedly  of  local  origin.  Albion  Gulch  contains 
auriferous  gravels  throughout  its  course.  In  1907  two  camps  were 
established  on  this  stream,  and  a  rich  hillside  placer  was  mined  by 
hydraulicking.  The  difficulty  of  obtaining  an  adequate  constant  sup- 
ply of  water  has  much  hampered  developments  on  both  of  these 
gulches. 

Above  Crooked  Creek  the  valley  of  Ophir  Creek  has  been  pros- 
pected, but  little  actual  mining  has  been  done.  Near  the  upper  end 
of  the  canyon  of  Ophir  Creek  there  is  a  little  bench  gravel,  which 
was  being  developed  at  the  time  Brooks  visited  the  region  in  1903. 
Although  this  work  may  have  yielded  wages,  it  was  not  highly  remu- 
nerative and  was  soon  abandoned.  Further  prospecting  was  under- 
taken here  in  1907,  but  was  not  successful  in  locating  placer. 

From  the  general  distribution  of  the  values  in  the  Ophir  Creek 
gravels  it  seems  evident  that  many  of  the  rich  placers  of  the  stream 
are  formed  by  the  reconcentration  ht  former  bench  deposits.  At 
pther  places,  however,  it  seems  clear  that  the  richness  is  due  to  prox- 
imity to  local  mineralization.  Collier  notes  that  a  sample  taken  from 
the  schists  adjacent  to  some  quartz  stringers  near  the  mouth  of  Ophir 
Creek  contained  some  gold  and  that  samples  crushed  in  a  hand  mortar 
and  panned  yielded  free  gold.  On  Crooked  Creek  there  "  is  a  min- 
eralized belt  12  feet  wide,  which  strikes  northwest  In  this  impreg- 
nated zone  vein  quartz  is  associated  with  pyrite.  It  is  reported  to 
assay  as  high  as  $8  to  the  ton."  ^  Near  this  place  on  tlie  divide,  be- 
tween Gold  Bottom  and  Crooked  creeks,  there  is  a  lode  which  seems 
to  be  similar  to  the  one  previously  noted;  it  is  significant  as  pointing 
to  the  origin  of  some,  at  least,  of  the  Crooked  Creek  gold,  which  is 
very  sharp  and  angular  and  in  many  instances  has  quartz  attached. 
None  of  these  mineralized  veins  have  been  mined,  and  it  is  doubt- 
ful whether  the  diffused  character  of  the  mineralization  would  permit 
economic  treatment.  The  absence  of  valuable  placer  in  the  upper 
part  of  Ophir  Creek,  beyond  the  canyon,  strongly  suggests  that  the 
gold  was  not  derived  from  the  biotite  schists  that  occur  in  the  Bende- 
leben  Mountains. 

Farther  up  the  Niukluk  is  Camp  Creek.  Mining  on  this  stream 
was  described  by  Collier  ^  as  follows : 

Camp  Creek  flows  Into  the  Niukluk  from  the  south  about  a  mile  below  Gold 
Bottom  Creek.  Several  claims  were  worked  on  this  creek  in  1901.  The  aurifer- 
ous gravel  is  from  50  to  100  feet  wide  and  about  3  feet  thick,  with  an  over- 

•»  Idem,  p.  254. 

*  Collier,  A,  J.,  and  others,  op.  cit.,  p.  252. 

'  Idem,  p.  256. 


On  Elkhom  Creek  mining  began  in  1900  and  was  reported  upon  by 
Richardson"  as  follows: 

Near  the  month  of  the  creek  2}  feet  of  grnrel  overlie  6  Inches  of  clay  and 
disintegrated  bed  rook.  It  la  reported  by  mlnere  that  the  pay  streak  la  In 
[latches  ami  that  the  uveriige  yield  of  [lann  Is  5  centa.  The  bench  near  the 
mouth  gives  colors,  but  liaa  uot  been  deieloped.  The  bed  rock  Is  mica  scblat, 
Interbedded  with  llmeRtone.  and  the  strike  Ib  nt  right  angles  to  the  course  of  the 
streiini,  with  aluiosl  vertical  diiis,  giving  fuvorablfi  conditions  for  the  concen- 
tration of  gold.  The  gold  Is  medlnni  coarse  nnd  bright  yellow  In  color.  Some 
very  coarse  gold  has  been  foond  Rtained  with  Iron.  The  average  assay  shows 
Its  value  to  be  flO.lS  ou  ounce.  Quartz  Is  often  found  attached  to  the  placer 
gold,  and  one  nugget  was  attiiched  to  a  piece  of  mica  schist.  This  goea  to  show 
that  It  is  of  local  origin.  One  nugget  worth  SRIi  has  been  found,  and  several 
worth  from  $12  to  516. 

*  Idem,  p.  256. 
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In  1903  this  stream  was  visited  by  Collier,"  who  reported  as  follows 
concerning  mining  developments: 

Since  1900  the  placers  for  about  half  a  mile  have  been  entirely  exhausted,  but 
farther  up  the  creek  work  Is  still  (1903)  In  progress  both  In  the  creek  bed  and 
OD  the  benches.  It  Is  estimated  that  the  total  production  of  the  creek  up  to 
date  (1903)  has  been  from  $110,(X)0  to  $120,0(X). 

After  1903  very  little  work  was  done  on  this  stream,  and  when  it 
was  visited  in  1906  it  was  practically  abandoned  and  since  that  time 
mining  operations  have  not  been  re- 
sumed. 

BLITFF  BEOIOV. 

The  region  around  Bluff  has  not 
been  visited  by  Survey  geologists 
since  1900,  and  the  following  descrip- 
tions are  taken  from  Brooks's  report 
of  his  visit  at  that  time.*  In  order 
to  condense  the  account  certain  parts 
have  been  left-  out  and  the  arrange- 
ment has  been  changed.  To  connect 
the  retained  portions  words,  phrases, 
and  sentences  have  been  introduced. 
So  many  changes  have  l)een  made  that 
quotation  marks  have  been  omitted. 
Gold  is  said  to  have  been  found  at 
Daniels  Creek  in  September,  1899,  by 
William  Hunter  and  Frank  Walker. 
Beach  placer  was  soon  after  located 
and  within  less  than  six  months 
$GOO,000  had  been  taken  from  a  strip 
of  land  less  than  1,000  feet  long. 
Meanwhile,  the  two  lowest  claims  on 

Daniels  Creek  were   opened   and  in  figcue  i3.— sketch  map  and  section 
1900   yielded    probably    $200,000   in  of  Daniel  creek  placers. 

gold.  Most  of  the  production  of  1901-2  came  from  Discovery  Claim, 
at  the  mouth  of  Daniels  Creek.  Meanwhile  gold  had  been  found  on 
Eldorado  and  Ryan  creeks  and  on  Swede  Gulch.  In  1902  a  strong 
company  was  organized  and  has  ever  since  been  in  practical  control 
of  the  important  placer  ground.  Figure  13  shows  graphically  many 
of  the  more  important  features  of  the  Daniels  Creek  placers. 

The  placers  are  of  two  types,  beach  placers  and  creek  placers,  the 
former  consisting  of  ancient  and  recent  beaches.     The  alluvial  mate- 

•  Collier,  A.  J.,  and  others,  op.  cit.,  p.  257. 

•Brooks,  A.  11.,  The  Bluff  region  (In  The  gold  placors  of  parts  of  Seward  Peninsula, 
Alaska)  :  Bull.  U.  S.  Geol.  Survey  No.  aL»8.  190K,  pp.  l>8a-293. 
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rial  of  the  creeks  is  of  two  general  types,  that  in  which  clay  pre- 
dominates and  that  which  is  chiefly  sand.  In  many  places  no  struc- 
ture can  be  made  out  in  the  clays;  the  bedding  of  the  sands  and  grav- 
els is  of  the  greatest  irregularity,  locally  changing  its  character  every 
few  feet.  The  indications  are  very  strong  that  the  layers  of  clay, 
which  in  general  lie  near  the  bottom  of  the  deposit,  are  formed  almost 
in  place,  whereas  the  sands  and  gravels  appear  to  have  been  laid  down 
in  swiftly  running  water.  Near  the  head  of  the  creek  the  surficial 
deposits  consist  chiefly  of  clay,  but  near  its  mouth  sands  and  gravels 
predominate. 

Little  can  be  said  of  the  distribution  of  pay  gravels.  The  man- 
agers of  the  hydraulic  mine  report  that  in  general  the  clay  carries 
higher  values  than  the  sand  and  gravel.  This  is  very  significant, 
for  it  appears  to  be  established  that  the  sand  and  gravel  have  been 
far  more  concentrated  than  the  clay.  It  would  indicate  a  large  gold 
tenor  for  the  rock  frcmi  which  the  clay  has  been  derived.  In  any 
event  there  can  be  no  question  that  the  gold  is  very  near  its  bed-rock 
source,  which  appears  to  be  at  the  contact  of  mica  schist  and 
limestone. 

From  an  examination  of  the  Daniels  Creek  placers  several  facts 
are  evident — ^first,  the  source  of  the  gold  is  entirely  local;  second, 
where  it  is  richest,  as  in  the  red-clay  deposits,  there  appears  to  have 
been  little  sorting  action  by  water;  third,  the  gold  is  so  intimately 
associated  with  mica  schist  debris  that  most  probably  the  schist  has 
n  close  connection  with  its  origin.  It  is  evident  that  the  stream  gradi- 
ents must  have  been  low  during  the  period  of  the  formation  of  the 
clay.  The  area  was  probably  exposed  for  a  long  time  to  the  agencies 
of  weathering  and  an  irregularly  pitted  land  surface  was  produced. 
An  uplift  followed,  as  a  result  of  which  the  carrying  power  of  the 
sti-eams  was  increased  and  the  deposits  of  sand  and  gravel  were  laid 
down.  At  Daniels  Creek  this  uplift  gave  the  former  level  a  slight 
tilt  to  the  west,  as  is  shown  by  the  bedding  of  the  gravels.  The  ele- 
vated beach  deposit  appears  to  have  been  formed  prior  to  this  uplift, 
but  it  would  require  a  very  detailed  survey  to  establish  this  fact. 
The  presence  of  gold  at  a  depth  of  60  feet  near  the  mouth  of  Daniels 
Creek  reported  in  1907  may  indicate  either  a  deep  zone  of  weather- 
ing or  a  buried  ancient  beach  line.  A  subsequent  uplift,  which  prob- 
ably did  not  exceed  8  feet  at  the  coast,  exposed  this  older  beach  in 
part  to  wave  action  and  this  led  to  reconcentration  of  the  gold  in  the 
gravels  of  the  present  beach. 

The  other  creeks  of  the  district  besides  Daniels  Creek  have  been 
but  little  developed,  for  none  of  them  carry  a  sluice  head  of  water  ex- 
cept early  in  the  spring  or  during  heavy  rains.    Eventually,  how- 
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ever,  they  will  all  be  hydraulicked  with  water  from  the  Topkok  ditch. 
Sluicing  has  been  done  on  about  half  a  dozen  claims  on  Eldorado 
Creek,  and  some  work  ha^i  been  done  on  Ryan  and  Little  Anvil  creeks. 
So  far  as  the  scanty  exposures  show,  the  mode  of  occurrence  of  the 
gold  on  these  streams  is  similar  to  that  of  Daniels  Creek,  but  the 
deposits  are  probably  not  so  rich  and  the  auriferous  gravels  not  so 
extensive. 

BVOELAHIl  SIVEB  BASIN. 

The  only  stream  tributary  to  Buckland  River,  on  which  gold  placer 
has  been  found,  is  Bear  Creek,  which  heads  in  the  ancient  lava  hills 
that  form  the  western  margin  of  the  basin.     The  first  claims  recorded 
on  this  stream  were  located  by  E.  S.  Hoxie,  L.  Tendness,  and  A.  Barr, 
in  August,  1901.     During  190.%  ac- 
cording to  Moffit,"  about  40  men  were 
at  work  on  Bear  Creek  and  its  tribu- 
taries, Sheridan  and  Cub  creeks,  but 
as  only  about  $10,000  in  gold  was  won 
from  this  basin  during  that  year  it  is 
evident  that  the  work  was  not  very 
profitable.     Figure  14  shows  the  loca- 
tion of  the  principal  places  where  au- 
riferous gravels  have  been  found  on 
this  creek. 

A[lca  scbUt  1b  snid  Dot  to  be  found  In 
this  creek,  altlioutEb  mica  does  a]>|ieftr  In 
Ltae  Bands  and  gravels,  which  are  composed 
largely  of  eruiitlve  material,  iiud  uii  Home 

of  the  bench  claims  reach  ii  thickness  of  ,         _         .  .  .■.■i„ 

20  feet,  with  several  feet  of  muck  i 
lying.  In  places  ou  the  creek  a  couskl- 
erable  quantity  of  a  heut'y  red  cherty  rock 
reuialne  In  the  bo.^ea  with  tht;  sold  und  Is 
a  source  of  some  annoyance  to  the  miner.  This  Is  especiully  true  on  Cub  Creek. 
On  Sheridan  iind  Bear  creeks  Ihc  gold  is  mostly  on  bed  rock,  differing  In  tbiB 
respect  from  that  on  Cub  Creek,  where  It  le  found  throughout  the  whole  thlck- 
nen  of  the  2  feet  of  stream  gravel ;  on  the  other  hand,  gold  from  Bear  and  Cub 
creeks  Is  light  and  fiiiky.  while  ttiiit  from  Sheridan  la  heavy.  All  the  gold  la 
bright  yellow  In  color,  assaying  $10.20  to  the  ounce,  A  little  "white  Iron" 
pyrlte  Is  present  and  also  an  abundance  of  black  snnd,  which  la  entirely  removed 
by  the  magnet.^ 

From  1903  to  1907  a  little  dcsultorj-  prospecting  and  mining  was 
done,  hut  during  the  latter  year  the  building  of  a  ditch  along  the 
west  slope  of  the  valley  revived  interest  in  the  region.  The  small 
precipitation  of  1908,  however,  prevented  any  extensive  use  of  the  new 

•Hont,   r.   H..  Tbe   FalrhBVea  gold  placers,    Seward   FenlnsulB.  Alaaka ;  Boll.    C.    8. 
QtnL  SnTTey  No.  247,  1906,  p.  W. 
•Hoot,  F.  H.,  op.  cU..  p.  04. 


the  first  years. of  the  camp  most  of  the  values  came  from  the  creek 
gravels,  but  afterward  high-level  deposits  were  found  which  seem  to 
be  of  a  type  intermediate  petween  bench  and  hillside  placers.  As 
these  deposits  are  in  places  deep,  mining  has  been  carried  on  in  winter 
as  well  as  in  summer.     According  to  Moffit:* 

The  gold  1b  tisually  flattened  mid  black  so  tbnt  wben  cleaalDg  out  the  boxes 
mluers  nre  otteu  seeo  blttag  u  uiigget  to  miike  Bure  that  it  Is  gold  and  not 
one  of  the  Iron  stones.  Quurtz  1b  at  times  embedded  in  the  latter  nuggets  and 
gold  Is  oliBerved  now  and  then  in  the  form  of  fine  velnlets  through  the  iron 
stones.  One  nugget  weighing  $62.10  and  a  second  weighing  $36  have  been 
taken  from  Itie  creek. 

Black  sand  is  unknown  In  the  clean  ups;  pyrite  and  a  few  small  pieces  of 
rullle  which  occasionally  h»ve  been  mlBtaken  by  the  miners  for  tin  ore  are 
the  heavy  minerals  iissoclated  with  the  gold;  it  Ib  not  considered  n  favorable 
BlgD  wben  the  iron  stones  fall. 

So  far  as  is  known  all  of  the  material  in  the  Candle  Creek  placers 
is  of  local  origin,  although  the  source  of  the  gold  in  bed  rock  has 
not  been  determined. 

•  Mofflt.  F.  H..  TLe  FairliBVi'n  goia  placers.  Seward  Penlnaiila.  Alaska :  Bull.  U.  8. 
Geol.  Survey  No.  247, 1805. 

HeoBbaw.  t'.  F..  Mlnlni;  In  the  Falrliaven  precluct :  Bull  U.  8.  G«ol.  Burve;  No.  3T9. 
1809,  pp.  3S4-3W, 

*Hofflt,  P.  H.,  op.  dt.,  p.  02. 
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During  the  early  development  of  this  region  considerable  difficulty 
was  experienced  owing  to  the  lack  of  a  sufficient  supply  of  water 
for  mining.  This  deficiency  was  met  in  part  by  the  construction  of 
short  ditches  within  the  Candle  Creek  basin,  but  as  the  supply  was 
still  inadequate  a  ditch  over  33  miles  in  length  was  built  in  1907 
along  the  west  band  of  Kiwalik  River  from  the  mouth  of  Glacier 
Creek  to  the  mouth  of  Candle  Creek.  This  ditch  has  a  capacity  of 
20  to  30  second-feet  and  the  height  of  the  lower  end  above  Kiwalik 
River  at  that  point  is  about  250  feet.  Henshaw  ®  in  the  report  already 
mentioned  suggests  that  the  most  practical  method  of  obtaining  a 
larger  water  supply  is  by  pumping  from  Kiwalik  River.  Power  for 
such  an  enterprise  might  be  derived  either  by  using  Chicago  Creek 
coal  as  fuel  or  by  the  transformation  of  water  power  below  Imuruk 
Lake  into  electricity. 

SUMMARY. 

From  the  distribution  of  the  areas  where  placers  of  economic  im- 
portance have  been  mined  certain  facts  of  value  in  assisting  further 
prospecting  may  be  learned.  Some  of  the  more  evident  conclusions 
are  as  follows :  The  Cretaceous  areas  are  not  promising  placer  regions 
and  neither  are  those  places  promising  that  derive  their  deposits 
mainly  from  Cretaceous  rocks,  as,  for  instance,  the  marine  deposits 
on  the  east  shore  of  Norton  Bay ;  no  placers  of  other  than  distinctly 
local  importance  occur  in  regions  deriving  their  gravels  from  the  pre- 
Cretaceous  igneous  rocks;  no  placers  at  all  have  been  found  in  the 
gravels  derived  solely  from  the  recent  effusive  rocks;  no  gravel 
deposits  derived  entirely  from  the  limestones  of  Paleozoic  age  contain 
gold  in  workable  quantities;  local  placers  may  occur  near  the  post- 
Cretaceous  intrusions;  the  most  extensive  placers  occur  in  the  areas 
of  metamorphic  sedimentary  schists,  especially  near  their  contact 
with  the  heavy  limestones;  gold  placers  are  usually  found  where  con- 
centration of  gravel  derived  from  the  Paleozoic  black  quartzite  has 
occurred.  These  general  conditions  are  modified  by  local  conditions; 
thus  in  places  where  concentration  has  been  strong  richer  deposits  are 
to  be  expected  than  in  places  where  less  sorting  has  occurred.  P'rom 
this  fact  it  follows  that  the  glaciated  areas  hold  less  promise  of  placer 
def>osits  than  the  unglaciated  areas. 

LODE  PROSPECTS. 

Although,  as  has  been  shown,  placer  gold  has  been  found  on  many 
of  the  streams  in  the  area  of  metamorphic  rocks,  no  veins  sufficiently 
rich  to  allow  lode  mining  have  been  discovered.  This  is  probably 
in  part  due  to  the  absence  of  adequate  prospecting.    Quartz  veins 

"  Henshaw,  F.  F.,  op.  cit.,  p.  368. 
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oontaining  gold  have  been  found  at  many  places  and  at  a  few  places 
pits  have  been  sunk;  copper  sulphides  have  also  been  found;  and 
silver-bearing  galena  has  been  known  almost  since  the  first  white 
men  visited  the  region. 

G0U>  LODE  PROSPECTS. 

In  order  to  give  an  idea  of  the  places  where  auriferous  veins  have 
been  exploited  the  following  notes  may  be  of  service. 

A  sample  taken  from  the  schists  adjacent  to  some  quarts  stringers 
near  the  mouth  of  Ophir  Creek  contained  gold  in  such  quantities 
that  when  crushed  in  a  hand  mortar  and  panned  free  gold  was 
obtained.  On  Crooked  Creek,  a  tributary  of  Ophir  Creek,  there  "  is 
a  mineralized  belt  12  feet  wide  which  strikes  northwest  In  this 
impregnated  zone  vein  quartz  is  associated  with  pyrite.  It  is  re- 
ported to  assay  as  high  as  $8  to  the  ton.^  *  Near  this  place,  on  the 
divide  between  GK>ldbottom  and  Crooked  creeks,  is  a  gold-bearing 
vein  which  seems  to  be  a  continuation  of  this  lead.  Mineralization  on 
a  small  scale  has  been  recognized  at  several  places  on  Goldbottom 
and  Warm  creeks,  and  a  short  distance  from  the  mouth  of  Warm 
Creek  a  vein,  on  which  some  development  work  had  been  dcme,  was 
found  at  the  contact  of  schist  and  limestone.  "'  Near  the  mouth  of 
the  creek  [Warm  Creek]  ar^  two  quartz  veins,  one  about  3  feet  wide 
and  the  other  about  1  foot  wide,  striking  N.  80**  E.**  * 

No  productive  lodes  have  so  far  been  found  in  the  Bluff  region. 
Brooks  savs :  ^ 

So  far  as  observed,  the  sclilsts  appear  to  be  mineralized  only  near  their  con- 
tacts with  the  limestones.  At  these  phices  quartz  veins  cutting  the  foliation 
of  the  schists  are  not  uncommon.  The  individual  veins  apix»r  to  be  of  small 
extent,  but  at  some  localities  a  stockwork  forms  a  considerable  mass  of  low- 
grade  ore.  The  ores  appear  to  be  chiefly  iron  pyrite  with  some  chalcopyrite 
and  arsenopyrite.     *     ♦     * 

An  improjniated  zone  is  well  exi>osed  along  the  sea  cliff  about  three-fourths 
of  a  mile  east  of  the  mouth  of  Daniels  Creek.  *  ♦  ♦  At  this  locality  a  belt 
of  mica  schist  about  (50  fiH^'t  wide  is  more  (»r  less  impregnated  by  i)yrite-!)earing 
quartz  strinjiers.  The  belt,  including  some  irregular  limestone  masses,  is 
boimded  by  graphitic  limestone  walls  which  dip  away  from  the  schists  and  form 
a  small  anticline  much  broken  by  faults.  *  *  *  At  the  west  contact  a  band 
of  schist  20  feet  in  cross  section  lies  between  one  of  the  included  limestone 
masses  and  the  country  nn-k.  In  this  band  the  mineralization  is  more  intense 
than  in  the  rest  of  the  schist.  Here  a  series  of  gash  veins,  the  largest  of  which 
Is  IS  inches  in  width,  cut  the  foliation  of  the  schist.  [See  fig.  15.1  A  mass  of 
crushcHl  material  or  gouge  forms  the  hanging  wall  of  this  deposit  and  along 
this  zone,  which  has  been  a  plane  of  movement,  the  quartz  veins  are  cut  off 
abruptly.  Stringers  of  quartz  do.  however,  occur  in  the  limestone  on  both 
sides  of  the  schist.  The  ore  apiiears  to  be  chiefly  iron  pyrite  and  mlspickel, 
with  some  chalcopyrite;  the  gangue  is  mostly  quartz,  with  some  calcite. 

"  Collier,  A.  J.,  and  others,  op.  cit.,  p.  252. 

*  Id<'m,  p.  255. 

*•  Brooks,  A.  11.,  op.  cIt.,  pp.  285-292. 
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Although  this  mineralized  zone  was  known  for  several  years  not 
much  active  exploitation  was  undertaken  until  1907.  At  one  claim  a 
shaft  50  feet  deep  was  sunk  end  a  short  drift  about  15  feet  in  length 
was  turned  off.  On  the  adjoining  claim  the  zone  of  mineralization 
is  so  wide  that  two  shafts,  one  on  the  hanging  wall  and  one  on  the 
foot  wall,  have  been  sunk.  One  of  these  is  reported  to  be  100  feet 
deep;  the  other  is  slightly  less  than  half  that  depth.  On  the  next 
claim,  also,  two  shafts  have  been  sunk  to  a  depth  of  approximately 
50  feet.  Two  shorter  shafts  have  been  put  down  on  the  next  claim, 
and  one  shaft  about  75  feet  deep  has  been  sunk  near  the  end  line  of 
the  next  claim  beyond.  In  1907  the  ore  from  these  properties  was 
crushed  in  an  arrastra  which  was  operated  by  a  horse;  it  was  in- 
tended to  erect  a  stamp  mill  later. 
The  developments  at  this  place,  how-  S 

ever,  have  not  been  ascertained  for 
the  last  two  years. 

According  to  Brooks,  in  1906  a 
lode  3  miles  east  of  Bluff  had  been 
developed  to  some  extent"  It  was 
located  near  the  shore,  and  was  said 
to  be  14  feet  wide  and  to  yield  as 
much  as  $30  in  gold  to  the  ton.    The 

_     ■ 1   J  .„  I : ji I      PIOCBD    15. —  Diagrammatic   section    o( 

ore  IS  reported  to  be  iron  pynte  and         ,„p«g„,t^  ^«,.  biua  redon. 
mispickel.    A  few  tons  have  been 

sacked  and  prepared  for  shipment  but  prnctically  nothing  is  known 
about  the  mode  of  occurrence. 

A  small  amount  of  prospecting  has  been  done  near  the  head  of 
Walla  Walla  Creek  somewhat  east  of  the  contact  of  the  igneous  rocks 
and  the  black  quartzitic  slates.  Although  rich  specimens  are  said  to 
have  been  found  here,  a  careful  examination  of  the  rock  on  the  dump 
failed  to  disclose  enough  mineralization  to  encourage  further  pros- 
pecting. A  small  amount  of  limonite  staining  the  joints  and  fracture 
planes  of  the  rocks  was  observed,  but  there  is  no  vein  or  distinct  lead. 
Developments  at  this  place  consist  of  an  open  cut  about  25  feet  long 
and  a  crosscut  adit,  started  about  500  feet  away  and  down  the  hillside, 
which  has  gone  in  38  paces  (about  100  feet),  all  the  way  through  bar- 
ren rock.  An  analysis  of  rock  from  this  open  cut  by  Peter  Esch,  of 
Nome,  gave  a  trace  of  gold. 

As  placer  gold  is  derived  from  veins,  it  is  certain  that  auriferous 
veins  must  occur  widely  throughout  the  area.  Whether  such  veins 
can  be  economically  mined  is  a  question  which  can  be  decided  only  by 
more  active  development.    It  is  probable  that  if  auriferous  veins  are 

■  nrooka,  A.   H.,  op.   dt.,   p.  g»2. 
71469°— Bull.  449—11 9 
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exploited  in  the  future  the  mining  problems  involved  will  fall  within 
commercial  rather  than  geologic  boundaries. 

SILV£S-L£AD  DEPOSIT. 

Within  the  area  of  metamorphic  rocks  of  southeastern  SeT7ard 
Peninsula  one  deposit  of  argentiferous  galena  has  been  of  some  eco- 
nomic value.  This  lode,  staked  in  1881,  was  probably  the  second 
one  discovered  in  the  entire  territory  of  Alaska.  Although  the  claims 
were  not  recorded  until  July,  1881,  galena  had  been  known  for  a  year 
or  more  before,  and  Petrof,  in  the  census  report  for  1880,  mentions 
that  silver-lead  ore  had  been  found  in  the  vicinity  of  Golofnin  Bay. 
The  developments  at  this  place  have  been  carried  on  at  a  single  group 
of  claims  located  on  a  low  limestone-schist  hill  on  the  western  flanks 
of  the  Darby  Range.  As  has  already  been  stated,  the  claims  were 
located  in  I88I4  In  1882  a  company  was  formed  which  in  1883  was 
absorlx^d  by  the  Omilak  Gold  and  Silver  Mining  Company,  which 
continued  to  hold  the  ground  until  1898,  when  the  Russian- American 
Mining  Exploration  Company  took  the  properties.  This  transfer 
was  one  of  name  rather  than  of  personnel.  The  claims  were  patented 
in  181)4. 

The  ffoology  in  the  vicinity  of  the  mine  is  so  complex  that  without 
more  detailed  study  than  was  made  in  1909  the  stratigraphy  is  not 
detei-minable.  East  of  the  mine,  toward  the  head  of  Omilak  Creek, 
is  a  large  area  of  white  crystalline  limestone,  which,  in  the  main, 
appears  to  dip  westward  at  high  angles.  This  is  succeeded  farther 
west  by  schistose  rocks  containing  much  biotite  and  quartz  and  some 
graphite.  Still  farther  west,  in  the  immediate  neighborhood  of  the 
mine,  the  distribution  of  the  various  rocks  is  as  shown  in  figure  6 
(p.  04) .  Although  from  this  map  it  appears  that  the  dip  is  in  general 
to  the  west,  the  evidence  on  the  ground  shows  that  the  rocks  are  much 
deformed,  and  appressed  folds,  such  as  are  shown  in  Plate  XIII,  A 
(p.  90),  have  been  recognized.  This  fold,  which  pitches  steeply 
tmvard  the  west,  is  shown  at  A  on  figure  6  (p.  90).  It  is  evident  that 
with  such  an  amount  of  folding  this  structure  is  by  no  means  so  simple 
as  appears  at  first  sight,  and  even  the  determination  of  bedding  is 
often  impossible.  It  is  believed,  though  it  has  not  been  definitely 
proved,  that  the  schists  represent  younger  or  overlying  rocks. 

In  addition  to  the  dark  biotite  schist  and  the  limestones  there  is 
an  area  of  slightly  sheared  igneous  rock  similar  to  the  greenstones 
of  the  more  western  part  of  Seward  Peninsula.  Although  the  ex- 
posures were  not  sufficiently  clear  to  preclude  other  interpretations, 
it  seems  probable  that  these  greenstones  intrude  the  limestones. 
Owing  to  the  amount  of  deformation  and  consequent  metamorphism 
it  is  probable  that  some  of  the  greenstones  are  included  in  the  areas 
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mapped  as  schist.  The  fact  that  the  greenstone  is  more  easily  recog- 
nizable in  the  midst  of  the  limestone  may  be  due  to  the  protection 
given  it  by  that  rock,  which  is  more  easily  deformed  than  the  schist, 
whose  resistance  to  dynamic  metamorphism  is  more  nearly  equal  to 
that  of  the  igneous  rocks. 

According  to  Mendenhall  the  ore  occurs  near  the  contact  of  this 
intrusive  and  the  limestone."  From  the  study  of  the  region  in  1909 
this  conclusion  could  not  be  verified  as  the  shaft  was  inaccessible  and 
the  only  mineralization  seen  was  in  the  midst  of  the  limestone.  In 
the  absence,  however,  of  ore-bearing  minerals  in  the  greenstone  it 
seems  doubtful  whether  the  galena  could  have  been  introduced  at 
tlie  time  of  the  intrusion.  Furthermore,  the  well  crystallized  charac- 
ter of  the  ore  suggests  that  its  deposition  was  later  than  the  deforma- 
tion of  the  region,  whereas  the  greenstone  was  earlier. 

Two  kinds  of  ore  minerals  are  found  in  this  deposit — argentiferous 
galena  and  stibnite.  So  far  no  interrelation  between  the  two  has 
been  shown,  but  it  is  believed  that  both  were  introduced  at  essentially 
tlie  same  time.  It  should  be  noted  that  the  deposits  containing  the 
galena  seem  to  be  topographically  above  those  with  stibnite. 

From  the  reports  of  others — as  it  was  not  possible  to  see  the  under* 
ground  workings  personally — it  was  learned  that  "  no  continuous 
vein  of  galena  ore  existed,  the  ore  being  found  only  in  irregular 
and  disconnected  pockets."  ^  None  of  the  pockets  were  of  large  size 
and  the  better  ones  occurred  entirely  within  the  limestone.  Some  of 
tlie  ore  was  thickly  covered  with  products  of  oxidation,  mostly  lead 
carbonate. 

A'bout  400  paces  south  of  the  galena  shaft  there  are  a  shaft  and  an 
incline  which  were  used  to  explore  the  stibnite  leads.  The  limestone 
is  much  fractured  and  the  ore  occui-s  in  thin  streaks  in  the  shattered 
zone.  None  of  the  veins  seen  by  the  writers  are  of  sufficient  size  to 
warrant  mining.  The  stibnite  is  well  crj^stallized,  the  thicker 
stringers  apparently  occupying  fault  planes  and  sending  small  off- 
shoots into  the  limestone,  which,  near  the  ore,  is  abnormally  granular 
and  sugary. 

Considering  the  number  of  years  the  ground  hasS  been  held  and  the 
large  expenditures  incurred,  the  amount  of  development  work  is 
a>tonishingly  small.  A  shaft  180  feet  deep  has  l)een  sunk  near  the 
eastern  margin  of  the  limestone  on  top  of  the  hill,  and  two  short 
drifts  have  been  turned  off  in  the  search  for  ore  pockets.  The  upper 
part  of  the  shaft  is  in  limestone,  but  the  lower  is  in  schist,  as  the  con- 
tact dips  toward  the  west.  The  shaft  is  well  timbered  and  is  fairiy 
dry.    Hoisting  is  done  by  power,  a  bucket  not  running  on  guides 


•  Mendenhall.  W.  C,  op.  clt.,  p.  214. 
•Idem,  pp.  213-214. 


i 


and  in  some  cases  washed  before  shipping. 

\        Returnt  from  attayt  of  ore  a»  thipped  from  Om4lak  mine. 


Unfortunately,  in  these  assays  the  data  are  not  sufficient  to  deter- 
mine the  percentage  of  any  of  the  constituents  except  the  lead,  and 
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therefore  the  following  assays,  less  complete  in  certain  other  ways, 
are  given  also : 

Silver  and  lead  in  ore  from  OmUak  nUne. 


Silver 

Lead 

(ounces 

(per 

per  ton). 

cent). 

I 

173.00 

76.0 

2 

141.00 

80.7 

3 

158.00 

78.0 

4 

153.70 

82.0 

5 

162.97 

78.5 

6 

149. 16 

73.0 

7 

142  20 

74.7 

8 

94.30 

55.9 

9 

60.7 

10.27 

Assays  1-2  by  Herford  Copper  Works,  Swansea,  England;  3  by  Pennsylvania  Lead 
Company,  Pittsburg,  Pa. ;  4-6  by  W.  P.  Miller,  San  Francisco ;  7  by  T.  Price,  San  Fran- 
cisco ;  8-0  reported  by  W.  C.  Mendenhall,  op.  cit.,  p.  214  ;  8  yellow  carbonate  ore ;  9 
red  carbonate  ore. 

Assays  and  relative  weights  of  part  of  the  different  ores  shipped 
by  the  Omilak  mine  in  1889,  with  the  price  paid  in  open  market  for 
the  same  are  given  in  the  following  table : 


Assays  and  weights  of  ore  shipped  by  Omilak  mine  in  1889. 

Commercial  name. 

Weight 
(potmds). 

Gold 

(ounces 

per  ton). 

Silver 

(ounces 

per  ton). 

Lead 

(per 
cent). 

Price 
received 
per  ton. 

Red  carbonate 

380 

595 

6.5^9 

82,100 

0.1 
,1 
.1 

92.9 

76.1 

49.7 

142.2 

48.3 
49.0 
44.5 
74.7 

193.00 

Grav  c*firbonate 

81.00 

Yrilow  carbonate 

57.00 

Argentiferotifl  galena.      

154.00 

It  is  evident  that  the  ore  is  high  in  silver  and  also  usually  carries 
a  small  quantity  of  gold.  Its  metallurgical  treatment  is  simple  and 
the  ore  is  especially  valuable  to  mix  with  other  more  refractory  ores. 
The  absence  of  fuel  at  a  reasonable  price  prevents  treatment  near  the 
mine  and  the  high  charges  for  transportation  restrict  shipments  to 
ores  of  the  higher  grade. 

From  the  foregoing  descriptions  certain  facts  are  evident,  which 
may  be  summarized  as  follows:  The  claims  have  been  inadequately 
prospected  and  large  expenditures  have  been  made,  apparently  with- 
out disclosing  a  workable  vein ;  the  ore  found  is  of  excellent  quality, 
but  the  quantity,  so  far  as  could  be  determined  by  the  writers,  is  not 
sufficient  to  warrant  extensive  developments.  The  most  promising 
area  to  prospect  is  in  the  limestone  near  its  contact  with  the  schists, 
hut  the  deposits  likely  to  be  found  will  probably  be  pockets  not 
easily  adaptable  to  cheap  mining  methods  and  not  capable  of  afford- 
ing a  large,  constant  amount  of  ore. 


Attonpts  have  been  made  to  devel<^  copper  leads  at  three  places 
within  the  Nulato-Conndl  regicm,  but  so  far  the  results  have  not  been 
encooraging,  and  the  general  absence  of  sulphide  mineralization 
tiiroug^out  Seward  P^iinsula  leads  one  to  doubt  whether  commer- 
cially important  deposits  of  copper  will  be  found.  Furthermore,  the 
necessary  treatment  and  refining  that  copper  must  undergo  before 
manufacture  makes  this  metal  difficult  to  handle  in  a  country  wh^re 
high  wages,  high  cost  of  supplies,  and  absence  of  transportation  facil- 
ities exisL  It  seems  likely,  therefore;  that  until  one  or*  all  of  these 
factors  are  canceled  or  reduced,  copper  mining  can  be  successfully 
carried  on  only  where  the  deposit  is  exceptionally  ridi.  No  such 
places  are  at  present  known  in  Seward  Peninsula. 

Several  shallow  prospect  pits  were  sunk  in  1906-7  in  the  hills  near 
Timber  Cieek  in  the  Tubutulik  divide,  on  copper-stained  greenstones, 
near  thdr  contact  with  limestone.  A  large  outfit  was  shipped  in  and 
extensive  plans  formulated,  but  the  mineralization  was  not  sufficient 
to  warrant  development,  and  after  a  little  desultory  prospecting  the 
ground  was  abandoned.  Specimens  of  the  ore  from  this  claim  were 
assayed  and,  according  to  the  owners,  yielded  from  17  to  70  ounces 
of  silver  to  the  ton  and  from  a  few  cents  to  $1  a  ton  in  gold  as  well 
as  copper.  From  the  high  copper  content  reported  in  these  assays, 
it  is  evident  that  the  sample  for  assay  was  carefully  hand-picked. 
From  a  personal  examination  of  specimens  from  this  ground  it 
appeared  to  the  writers  that  the  copper  occurred  almost  exclusively 
in  the  form  of  malachite,  the  green  carbonate  of  copper,  and  sul- 
phides or  other  original  minerals  were  practically  absent.  On  account 
of  the  secondary  character  of  the  ore,  it  is  difficult  to  ascertain  the 
time  or  mode  of  origin  of  the  copper  mineralization.  The  observed 
facts  show  that  the  carbonate  occupies  fractures  and  joints  in  the 
greenstone,  but  this  does  not  preclude  its  having  been  derived  from 
the  leaching  of  copper  minerals  originally  present  in  the  greenstone. 
So  far  as  could  be  determined,  the  copper  mineralization  at  this  place 
is  distinctly  local  and  in  such  insignificant  quantity  as  to  discourage 
further  investigation. 

On  the  east  coast  of  the  Darby  Peninsula,  about  3  miles  north  of 
Carson  Creek,  a  little  copper  mineralization  was  observed.  A  small 
amount  of  exploration  by  means  of  a  short,  open  cut  had  been  made, 
but  no  work  was  in  progress  at  the  time  of  the  visit  in  1909.  The 
copper  occurs  mainly  in  the  form  of  the  carbonate,  but  there  is  also 
a  little  clialcocite  present.  This  ore  does  not  occur  in  a  vein,  but 
seems  to  be  a  replacement  of  parts  of  the  schist,  so  that  its  distribution 
is  irregular  and  discontinuous.  Some  is  also  found  in  the  joint  planes, 
as  though  it  had  been  introduced  later  than  the  deformation  of  the 
country  rock.    There  is  a  large  amount  of  slickensiding  on  the  rocks, 
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fthowing  that  faulting  has  occurred,  and  it  is  by  no  means  improbable 
that  the  shattering  effected  by  these  movements  may  have  produced 
a  more  or  less  pervious  zone,  which  allowed  easy  penetration  for 
mineralizing  solutions.  The  amount  of  mineralization  is,  however, 
::light,  and  there  seems  to  be  no  reason  for  believing  that  a  conmier- 
cially  workable  deposit  will  be  found  at  this  place. 

A  short  distance  farther  south  is  an  outcrop  of  a  nearly  pure  white 
limestone,  which,  though  slightly  sheared,  is  in  places  much  brec- 
ciated.  A  s^hort  tunnel  has  been  driven  in  on  this  brecciated  band. 
Apparently  some  surface  stains  had  tempted  exploitation,  but  as  the 
work  progressed  and  no  vein  or  other  mineralization  was  found  the 
search  was  abandoned.  From  the  present  condition  of  the  tunnel  and 
the  surrounding  country  rock  one  fails  to  understand  why  mining  was 
ever  contemplated  at  this  place. 

The  only  other  place  where  copper  prospecting  has  been  under- 
taken within  the  Nulato-Council  region  is  in  the  Bendeleben  Moun- 
tains on  the  divide  between  Kingsland  and  Xugget  creeks.  These 
streams  are  tributaries  of  the  Niukluk  from  the  east  about  4  miles 
south  of  the  Birch  Creek-Niukluk  divide.  Prospecting  in  this  region 
has  been  carried  on  for  five  to  eight  years,  but  no  shipment  of  ore 
has  been  made  and  no  considerable  body  has  been  exposed.  The 
ore  occurs  near  the  contact  of  a  limestone  and  schist  in  a  region  much 
faulted  and  intruded  by  small  granite  dikes.  The  ore  is  low  grade 
and  consists  mainly  of  chalcopyrite,  with  few  alteration  products. 
Xo  distinct  vein  was  found,  the  ore  occurring  mainly  as  a  replace- 
ment of  the  country  rock  in  disseminated  lenses  and  strings.  A  little 
gold  is  reported  to  be  associated  with  the  copper,  but  neither  its 
value  nor  its  relation  to  the  copper  mineralization  was  learned. 

Although  of  no  commercial  value,  the  occurrence  of  copper 
sulphides  in  a  pink  granite,  with  rather  large  feldspar  crystals,  on 
the  upper  part  of  Peace  River  2  or  3  miles  above  camp  B13,  is  noted 
as  giving  a  suggestion  of  the  time  of  introduction  of  some  of  the 
copper  mineralization.  At  this  place  there  is  only  a  little  copper, 
but  it  seems  to  have  been  brought  in  contemporaneously  with  the 
granite.  As  there  is  no  evidence  at  the  other  places  already  de- 
scribed of  the  age  of  the  mineralization,  this  occurrence  becomes 
significant. 

From  the  preceding  accounts  of  the  meager  amount  of  development 
work  on  copper  lodes  it  is  evident  that  no  deposits  of  value  are 
known.  In  part  this  may  be  due  to  lack  of  thorough  investigation, 
but  it  is  believed  to  be  due  in  the  main  -to  the  absence  of  cupriferous 
veins.  Therefore,  although  valuable  copper  may  be  discovered  in 
the  future,  the  present  conditions  do  not  warrant  search  unless  the 


either  in  regions  draining  into  Norton  Bay  or  in  Seward  Peninsuls. 

YUKON   It.\8IN. 

The  most  eastern  locality  where  coal  has  been  prospected  in  this 
part  of  the  Yukon  basin  is  at  Xahoclatilten  or  Louden,  west  of  the 
mouth  of  the  Melozitna.  A  description  of  these  coals  by  Collier  is 
as  follows :  • 

Two  beds  ol  coal  were  seen  by  tbe  writer  at  thia  place,  and  two  more  an 
reported  to  have  been  uncoi'ered  In  prospecting.  Tbe  largest  observed  seam  ttaa 
a  thickness  of  1  foot.  Below  tbla  seam  tbere  are  abont  G  feet  of  bony  coal  or 
coalf  Bbale  with  stringers  of  coal.  There  are  reported  to  be  3  smaller  beds  In 
the  foot  wall,  each  having  a  thickness  of  10  fnchea  Owing  to  the  apparent 
rather  Intense  folding  of  these  beds,  it  Is  Impossible  to  place  much  reliance  OD 
these  statements. 

The  coal  In  the  1-foot  seam  Is  not  crusbed,  although  the  beds  are  mnch  dla- 
tarbed  in  position.  The  following  analysie  shows  It  to  be  a  bltamlnous  coal  of 
good  quality.  It  Is  reported  to  have  given  satisfactory  reBults  In  a  blacksmltb's 
forge. 

r  tbe  XukoD,  Aluka :  Ball.  U.  S.  Geol.  Bamf  N«, 
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Analy9i8  of  coal  {No,  241)  from  1-foot  seam  5  miles  above  NahoclaiUten, 

[Analyst,  E.  T.  Allen,  tJ.  B.  Geol.  Survey.] 

Per  cent. 

Wflter 6.88 

Volatile  combustible  matter 41.  82 

Fixed  carbon 48. 93 

Ash 2.37 

100.00 

Sulphur .65 

l^el  ratio 1.17 

Coke  slightly  coherent 

These  coal  beds  have  been  known  for  several  years,  and  various  attempts 
have  been  made  to  open  here  coal  beds  of  commercial  importance,  but  thus  far 
DO  seams  thicker  than  12  inches  have  been  found. 

No  other  coal  prospects  have  been  noted  lower  down  on  the  Yukon 
until  about  midway  between  the  mouth  of  the  Koyukuk  and  Nulato. 
A  mine,  called  from  its  owner  the  Pickart  mine,  was  noted  by 
Schrader  in  1899;  it  is  therefore  one  of  the  oldest  coal  mines  in 
Alaska.    According  to  Collier :  • 

At  the  Pickart  mine  one  coal  seam  has  been  exploited  which  strikes  N.  75*"  E. 
and  dips  35**  N.  Two  rolls,  or  horsebacks,  are  reported  to  occur  in  the  floor 
of  the  coal  bed.  Whether  these  are  in  the  nature  of  faults  due  to  movement 
of  strata  along  the  coal  bed  or  irregularities  in  deposition  of  the  sediments 
constituting  the  floor  the  writer  was  unable  to  determine.  Near  these  rolls 
the  coal  shows  considerable  crushing,  whlcb  suggests  that  the  roU  is  formed 
by  deformation.  The  Pickart  coal  bed  has  a  thickness  of  30  inches  at  a  dis- 
tance of  300  feet  from  the  entrance  to  the  mine,  but  near  one  of  the  rolls  above 
referred  to  the  seam  measured  only  18  inches.  Mr.  W.  E.  Williams, '  manager 
of  the  Pickart  mine,  reports  that  in  mining  this  coal  a  roU  was  encountered 
in  the  workings  above  the  coal  mine  gangway  in  which  the  floor  of  the  bed 
was  raised  up,  pinching  the  coal  down  to  a  knife-edge  thickness.  The  roU  ex- 
tended in  a  nearly  straight  line  and  approached  the  gangway  at  a  rate  of 
about  1  foot  in  20.    On  cutting  through  this  roll  good  coal  was  found. 

Analyses  of  the  coal*  from  near  this  mine  published  by  Collier  are 
as  follows:^ 

Analyses  of  semibUuminous  coking  coal  on  the  Yukon, 

[No.  1  from  12  miles  above  Nulato,  on  the  Yukon ;  analyst,  George  Btelger,  U.  8.  Geol. 
Survey.  Nos.  2  and  3  from  Pickart  mine,  on  the  Yukon ;  analyst,  E.  T.  Allen,  U.  8. 
Geol.  Survey.  1 


1. 

2. 

3. 

Moisture 

0.86 
25.75 
66.51 

6.88 

1.02 
27.33 
65.03 

6.62 
.56 

2.37 

1.64 

VolAtJlfi  mutter 

24.98 

Fixed  carbon 

58.18 

Ash 

15.20 

Sulphur 

Fuel  ratio 

2.22 

2.32 

•  Collier,  A.  J.,  op.  clt.,  p.  60. 


*Idem.  p.  62. 


188^  moomwMittmAMm  tsf  ciwibd  lamimwiA  jam 

In  1907  tliis  mine  was  ▼iaited  by  Atwood^  niio  HBports  that  no 
ircM^  hid  been  in  pngnm  for  eeveral  yean*  Aooovding  to  hbn 
there  are  at  least  fxmt  thin  aeams  of  coal  stratigraphically  hi^er 
than  the  one  Ihe  mine  was  opened  on.  These  upper  beds  are  cmly 
frcmi  6  to  8  incl^s  in  thickness^  and  are  associated  with  caibcmaiDeQus 
shales,  which  show  frequent  signs  of  cross-bedding  and  ripple  marks. 

About  a  mile  above  Nulato,  Collier  noted  a  proqiect  lude  sunk 
in  tiie  sandstones  called  Nulato  sandstone  by  DaU.  The  section  ex- 
posed showed  2]r  ^^  cf  bony  coal  with  several  bands  of  day.  One 
6-inch  bed  of  dean  coal  was  uncovered  and,  it  is  rep<nrted,  was  nsed 
to  some  extent  for  blacksmithing  at^  Nulato.  There  has  be^i  no 
recent  work  at  this  prospect,  and  it  is  evident  that  the  seam  is  too 
thin  to  invite  farther  investigation. 

Four  iniles  below  Nulato,  in  the  name  sandstoiM  in  which  the  other 
froBpects  already  described  occur,  is  a  coal  bed  that  has  been  <qp«ied 
to  a  small  extent.  This  mine  is  locally  known  as  the  Busdi  mine. 
No  mining  has  be^i  done  luese  for  seveond  years.  Atwood,  when  he 
visited  the  prospect  in  1907,  reported  that  the  slope  had  caved  so  as 
to  make  the  mine  inaccessiUa  Accfording  to  CSollier,  at  the  time  of 
his  visit  in  1903 : 

In  tbe  tmmel,  which  extends  about  40  feet,  large  bodies  of  cmtfied  coal  4 
to  5  feet  in  thickness  are  exposed.  The  eoal  is  regarded  as  bttnminoae,  hSTing 
a  foel  ratio  of  1.76  and  a  water  content  of  1U7  per  cent  The  hi|^  percentage 
of  water  is  probably  doe  to  decompoeltion  ef  the  eoal  In  the  ctcfppingfk  No 
coal  has  been  produced.* 

'Aanalysis  of  coal  from  Bvsch  mine,  4  miles  below  Nulato,^ 

[Analyst,  E.  T.  Allen,  U.  S.  Geol.  Survey.] 

Moisture 11.17 

Volatile  matter 29. 48 

Fixe<l  carbon 52. 02 

Ash 7.33 


100.00 

Sulphur .44 

Fuel  ratio 1. 76 

Coke,  noncoherent. 

About  5  miles  below  the  Busch  prospect  is  the  Blatchford  mine, 
which  is  also  abandoned.    Collier  reports :  ^ 

One  workable  coal  bed  has  been  opened  at  this  place.  This  bed-  has  been 
crushed  and  sheared  by  the  movements  of  the  inclosing  strata,  making  It  very 
irregular.  Large  masses  8  feet  in  diameter  have  been  found  and  mined  out, 
showing  that  before  it  was  disturbed  the  coal  bed  probably  had  considerable 
thicknesa    The  coal  has  a  tendency  to  break  up  into  fine  pieces,  though  It  is 

«  Collier,  A.  J.,  Bull.  U.  S.  Geol.  Survey  No.  213,  1903,  p.  281. 

» Collier,  A.  J.,  The  coal  resources  of  the  Yukon:  Bull.  U.  S.  Geol.  Survey  No.  218, 
1903,  p.  53. 
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a  bituminous  coal  having  a  fuel  ratio  of  3.30,  the  highest  of  any  coal  on  the 
Yukon,  and  a  water  content  of  1.36  per  cent.  The  ash  is  only  2.22  per  cent, 
making  it,  by  approximate  analysis^  the  best  coal  seen  by  the  writer  on  the 
Yukon  River. 

This  mine  has  no  visible  development  or  permanent  equipment.  The  workings 
lie  below  the  level  of  the  river  and  the  entrance  is  covered  with  water  during 
the  summer  months,  so  that  It  can  be  worked  only  in  the  winter  after  the 
freezing  of  the  river,  where  the  ice  filling  the  upper  workings  must  be  mined 
out  before  the  coal  can  be  reached.  The  mine  has  probably  produced  about  300 
tons  of  coal. 

The  Williams  coal  mine  is  located  on  the  west  side  of  the  Yukon  just 
south  of  the  mapped  area.  It  has  been  more  extensively  developed 
than  any  of  the  mines  already  described,  but  as  it  does  not  come 
within  the  area  covered  by  this  report,  description  will  be  omitted 
except  to  state  that  in  a  broad  way  conditions  are  the  same  there  as 
in  the  other  prospects. 

NORTON    BAY    BASIN    AND    SOUTHEASTERN    SEW^ARD    PENIN8UI^4. 

Coal  has  been  reported  at  a  number  of  places  along  the  eastern 
shore  of  Norton  Bay,  but  so  far  as  known  no  beds  of  a  sufficient  size 
to  allow  profitable  mining  have  been  discovered.  Dall  mentions  a 
2- foot  bed  of  shale  and  lignite,  possibly  Kenai  in  age,  on  Ulukuk 
Kiver,  a  tributary  of  the  Unalaklik  from  the  north.*  It  was  reported 
to  have  no  commercial  value.     Brooks  ^  states : 

Capt  D.  H.  Jarvls  Informed  the  writer  that  some  very  good-looking  coal 
had  been  found  near  Unalaklik  Cape  near  the  eastern  shore  of  Norton  Sound. 
These  [beds]  probably  belong  to  the  same  series  described  by  Dall. 

Several  openings  have  been  made  near  the  mouth  of  the  Koyuk  on 
the  western  side  close  to  camp  B17.  Unfortunately  the  shafts  were 
not  in  condition  to  be  examined,  and  the  only  information  gained  was 
from  a  study  of  the  material  on  the  dump,  as  there  are  no  exposures 
of  the  coal-beiiring  rocks  in  the  neighborhood.  Although  lignitic 
material  was  found  at  this  place,  several  years  of  desultory  prospect- 
ing have  failed  to  disclose  a  workable  bed.  The  shafts  show  a  series 
of  sandstones  and  clays  which  have  weathered  badly  on  the  dump 
and  appear  much  less  consolidated  than  the  average  sandstones  near 
Nulato.  It  is  understood  that  during  1909  the  company  formerly 
interested  in  this  claim  abandoned  the  enterprise. 

In  this  same  region  coal  float  has  been  found  on  Coal  Creek  and 
claims  have  been  recorded,  but  none  of  them  was  being  prospected  in 
1909.  Probably  little  of  value  was  found  as  the  series  is  without 
doubt  similar  to  that  near  camp  B17. 

•Dall,  W.  n.,  Correlation  papers.  Neocene:  Bull.  U.  8.  Geol.  Survey  No.  84,  1892, 
p.  246. 

^  Brooks,  A.  H.,  Coal  resources  of  Alaska :  Twenty-second  Ann.  Bept  U.  S.  Geol.  Sur- 
vey, 1902,  pt.  3,  p.  560. 
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Tim  co«l  is  not  over  18  inchee  thick  and  is  of  poor  quality,  having 
advanced  little  beyond  the  wood  stage.  Resin  is  abundant  in  many 
of  the  samples  of  this  material.  Xo  tests  of  the  coal  were  made,, 
but  from  its  physical  character  it  does  not  seon  possible  that  it  could 
be  used  for  fuel  except  very  locally.  No  accurate  estimate  of  the 
amount  of  material  available  could  be  made  without  further  exploita- 
tion, but  it  is  believed  to  be  ot  very  slight  extent  and  not  of  sufficient 
value  to  warrant  further  development. 

CONCLUSIONS  RfiOARDINO  TH£  COAL  RESOTIBCES. 

In  the  foregoing  paragraphs  the  places  where  the  coal-bearing- 
rocks  have  been  prospected  to  some  extent  have  been  described  with 
the  object  of  showing  the  general  character  of  the  known  coal  depos- 
its. Indications  of  coal  have  been  noted  at  many  other  places,  but 
the  types  are  essentially  similar  and  do  not  merit  specific  description. 
There  are  certain  conclusions  that  may  be  drawn  from  the  facts  that 
may  save  prospectors  from  spending  their  time  unprofitably  in  the 
search  of  coal.  Coal  will  be  found  only  in  the  areas  of  Cretaceous 
sediments.     Xo  economically  important  beds  are  to  be  expected  in 
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the  unconsolidated  alluviums  such  as  those  in  the  Fish  River  basin 
on  the  Rathlatulik.  From  the  fact  that  so  far  there  is  no  productive 
mining  on  any  of  the  coal-bearing  rocks  outcropping  along  the  Yukon 
within  the  mapped  area,  it  seems  improbable  that  workable  beds 
in  the  same  series  of  rocks  will  be  developed  in  the  immediate  future 
in  the  more  remote  regions  where  transportation  facilities  and  mar- 
kets are  wanting.  Although  thicker  beds  may  be  found  here  and 
there,  the  additional  cost  of  transportation  for  each  mile  that  the 
deposit  lies  back  from  the  river  or  from  some  other  cheap  avenue  of 
communication  increases  much  more  rapidly  than  the  thickness  of  the 
bed  could  be  reasonably  assumed  to  increase.  It  is  improbable,  there- 
fore, that  workable  coal,  where  it  is  not  now  known,  will  be  found  in 
the  Nulato-Council  area. 
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